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PREFACE 

The  SUBTOURS  interactive  computer  model  was  constructed 
in  the  APL  computer  language  (Ref.  3)  on  the  IBM  360  computer 
of  the  Naval  Postgraduate  School.   This  work  was  part  of  the 
Research  in  Officer  Manpower  and  Personnel  Planning  sponsored 
by  the  Principal  Deputy  Assistant  Secretary  of  the  Navy  (Man- 
power and  Reserve  Affairs)  and  the  Deputy  Chief  of  Naval 
Operations  (Manpower,  Personnel  and  Training,  OP-01) .   For 
that  reason  the  model  is  now  also  available  on  the  APL  *  PLUS 
system  of  the  Scientific  Time  Sharing  Corporation  and  is 
accessible  by  the  manpower  managers  of  OP-01. 

A  potential  user  of  the  model  could  quickly  familiarize 
himself  with  the  model  by  reading  Sections  III. B. 2. a  and  b. 
Sections  IV.B.l  and  2,    and  accompanying  Appendices. 


I.   INTRODUCTION 

Manpower  resources  are  gaining  ever  increasing  atten- 
tion in  the  environment  of  the  all  volunteer  armed  forces. 
The  acquisition  of  talented  and  qualified  individuals  is  as 
much  or  more  of  a  challenge  to  the  Navy  than  procuring  its 
hardware.  In  light  of  this  challenge  it  is  more  than  ever 
before  expedient  to  plan  the  distribution  of  this  resource 
in  an  increasingly  intelligent  manner  (Ref.  2:269). 

To  properly  plan  for  effective  manpower  distribution  in 
an  environment  as  dynamic  as  the  defense  community  requires 
the  collection,  organization,  and  analysis  of  a  diverse  and 
voluminous  amount  of  information  in  a  short  period  of  time. 
When  policies  change  with  regards  to  manpower,  because  of 
changing  attitudes  within  and  without  the  military,  the  man- 
power manager  must  be  able  to  adapt  his  plans  to  the  change, 
since  decisions  made  in  the  present  will  no  doubt  have  an 
impact  on  the  career  patterns  of  officers  in  the  future. 
Thus,  any  means  whereby  the  receiving  and  processing  of  this 
information  can  be  automated  will  greatly  assist  the  manager 
in  sorting  and  analyzing  alternatives  to  distribution  and 
may  very  well  end  in  some  cost  savings  as  a  result  of  effec- 
tive planning. 

The  purpose  of  this  thesis  is  to  introduce  an  interactive 
computer  model  that  was  designed  to  assist  the  manpower  man- 
ager in  the  planning  of  personnel  distribution  and  develop- 
ment of  an  effective  professional  development  path.   The  model 
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was  designed  for  use  with  the  submarine  officer  corps,  both 
nuclear  and  strategic  weapons  systems  (SWS)  officers,  and  was 
tested  with  realistic  data  from  the  submarine  community. 
(Refs.  6  through  12  and  16)   The  unclassified  information  was 
analyzed  using  various  alternatives  to  the  present  manpower 
allocation  to  sea  duty  for  both  the  nuclear  trained  and 
strategic  weapons  systems  officer.   No  classified  information 
was  consulted  so  that  the  model  would  receive   wider  exposure 
and  could  be  more  readily  accessed. 

The  model  uses  four  inputs  to  determine  the  opportunities 
for  an  officer  to  obtain  a  seatour  position  or  the  shortfall 
of  seatour  positions  to  be  fully  manned.   The  first  two  inputs,. 
the  number  of  ships  in  the  future  that  must  be  manned  and  the 
number  of  billets  per  ship  for  each  tour  position,  determine 
the  requirements  that  must  be  met  for  positions  at  sea.   Tour 
positions  (the  years  of  service  necessary  to  be  eligible  to 
fill  a  billet  and  length  of  the  tour  in  that  billet)  and  the 
stock  of  officers  in  the  future  by  year  group  and  rank  are 
the  remaining  two  inputs.   These  two  sets  of  information, 
when  combined,  result  in  the  number  of  officers  available  to 
fill  the  required  billets.   For  each  tour  position,  over 
future  years,  requirements  are  compared  to  availabilities 
which  yield  the  ratio  of  seatour  opportunities. 

The  significance  of  the  model  lies  in  its  ability  to 
change  input  information  (temporarily  or  permanently) .   This 
permits  the  user  to  analyze  various  alternative  allocation 
policies.   For  example,  he/she  may  wish  to  see  the  effect 


that  lengthening  the  division  officer's  tour  has  on  meeting 
the  present  requirements.   Also,  he/she  may  wish  to  investi- 
gate the  implications  on  officer  supply  if  more  ships  of  a 
certain  type  will  be  authorized  for  delivery  sooner  than 
presently  planned.   With  the  ability  to  experiment  on  a 
computer  model  the  analyst  can  instantly  detect  trends  which 
may  require  changes  to  the  present  allocation  policy. 

The  exact  numerical  value  of  seatour  opportunities  is 
significant  only  when  compared  with  the  protracted  results 
of  other  fiscal  years  or  in  relationship  to  other  tours.   The 
ratio  is  a  way  of  visualizing  the  result  of  manpower  to  hard- 
ware resource  allocation  and  the  degree  to  which  manipulations 
to  the  present  policy  plans  can  effect  that  result.   This  type 
of  analysis  is  possible  with  an  interactive  computer  routine 
which  provides  the  user  with  an  instant  display  of  results 
so  that  a  common  line  of  analysis  can  be  pursued  without 
interruptions  to  his/her  line  of  thought  between  iterations. 

Though  designed  with  the  Submarine  Officer  Corps  in  mind, 
this  model  is  equally  adaptable  to  other  naval  communities 
and  is  in  fact  being  developed  for  both  surface  and  aviation 
forces  by  other  researchers  (Ref .  4  and  5) .   The  submarine 
community  offered  a  logical  development  path  with  which  to 
test  the  first  realistic  data.   The  professional  development 
of  both  nuclear  and  SWS  officers  is  limited  in  variety  because 
of  the  size  and  make  up  of  the  community  and  as  such  was 
easily  adapted  to  a  theoretical  model.   However,  no  naval 
warfare  specialty  has  a  completely  uniformed  career  path. 
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The  implications  of  this  fact  and  ways  to  solve  the  obvious 
deviations  from  a  uniformed  career  path  are  addressed  in  the 
section  on  extensions  to  the  model  in  this  thesis. 

A  typical  computer  terminal  session  is  presented  in  Ap- 
pendix D  to  illustrate  a  sample  of  the  type  of  analytical 
gaming  that  can  be  performed  with  the  model,  and  the  results 
are  analyzed  in  Section  IV. B.  for  explanation  of  what  was 
performed. 

The  intent  in  development  of  this  model  was  to  provide 
another  tool  to  assist  the  manpower  manager  in  planning  for 
inevitable  policy  changes  that  will  impact  on  the  distribution 
of  manpower  within  the  submarine  force  and  the  Navy  as  a  whole 
So  armed,  the  manpower  manager  can  anticipate  how  require- 
ments will  be  met  rather  than  react  to  the  effects  of  change 
in  policy  as  they  are  realized  in  the  actual  forces. 
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II.   THE  SUBMARINE  OFFICER'S  PROFESSIONAL 
DEVELOPMENT  PATH 

In  the  submarine  warfare  community,  as  in  any  naval  war- 
fare community,  the  professional  development  of  its  officer 
corps  is  essential  to  maintaining  a  force  of  officers  tech- 
nically knowledgeable  and  professionally  competent  to  operate 
and  maintain  the  ships  of  the  fleet  in  an  efficient  and  effec- 
tive manner.   That  professional  development  must  proceed  in 
an  orderly  fashion  to  be  effective  is  clearly  stated  on  a 
personal  level  in  the  Unrestricted  Line  Officer  Career  Guide- 
book (Ref .  13:45)  . 

"The  fundamental  goal  of  the  nuclear  trained 
submarine  officer  is  to  develope  the  profes- 
sional skills  and  operational  background  to 
command  a  nuclear  submarine.   The  achievement 
of  this  goal  is  accomplished  through  a  definite 
series  of  professional  qualifications,  advanced 
training  and  operational  sea  experience." 

The  determination  of  a  career  development  path  that  will 
fulfill  the  requirements  of  developing  competent  officers  is 
an  extensive  problem,  but  it  is  one  that  must  be  dealt  with 
in  an  aggressive  and  increasingly  efficient  manner  as  the 
requirements  placed  on  the  expertise  of  the  submarine  officer 
community  grow. 

The  challenge  to  the  manpower/personnel  manager  is  two- 
fold.  On  the  one  hand  each  individual  officer  must  be  chan- 
nelled to  an  assignment  that  will  best  utilize  his  time  invest- 
ment to  gain  experience  and  practical  or  formal  training.   In 
this  way  the  potential  for  achievement  can  be  realized  on  an 
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individual  basis,  and  on  a  larger  scale  the  stock  of  officers 
that  are  adequately  trained  will  meet  the  requirements  for 
positions.   On  the  other  hand,  the  manager  must  plan  assign- 
ments to  meet  the  immediate  needs  of  positions  at  sea  and 
ashore  that  must  be  manned  with  available  manpower,  and  he/ 
she  must  anticipate  the  future  requirements  that  must  be  met 
with  accessions  as  requirements  for  positions  change  with 
changing  hardware. 

In  meeting  this  challenge  the  manpower  manager  must  use 
all  the  tools  available  to  him/her  to  analyze  the  effects 
of  various  decisions,  in  order  to  plan  more  effectively  and 
establish  the  correct  priorities  that  efficiently  man  sea 
and  shore  positions. 

The  professional  development  path  is  necessary  to  bring 
structure  to  the  problem  of  assignment  of  personnel.   Though 
it  may  not  be  rigid  in  its  requirements  for  every  step,  it 
will  aid  in  focusing  the  solution  to  assignments  on  a  macro- 
scopic level. 

The  present  career  paths  of  both  nuclear  an(5  SWS  officers 
are  contained  in  Appendices  B  and  C  and  are  extracted  from 
the  Unrestricted  Line  Officer  Career  Guidebook  (Ref .  13) . 
Each  career  path  has  many  parameters  affecting  it.   The  ex- 
plicit parameters  are  the  placement,  length,  and  number  of 
tours.   Some  constraints  not  explicitly  obvious  are  require- 
ments for  formal  training,  rank  specifications  that  are 
implied  or  documented,  dependency  between  tours,  and  the 
necessity  for  a  certain  order  in  which  the  tours  appear. 
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Some  of  the  requirements  are  peculiar  to  the  submarine  com- 
munity such  as  the  type  and  length  of  initial  formal  training. 
However,  many  of  the  constraints  are  shared  by  the  other 
naval  warfare  communities.   This  thesis  explores  the  particu- 
lar constraints  on  the  submarine  officer  corps,  but  many  of 
the  general  ideas  of  the  career  development  path  are  being 
carried  on  in  further  studies  such  as  Ref,  4,  and  others 
cited  there. 

When  the  constraints  on  the  professional  development  path 
are  recognized  the  next  step  is  to  search  for  those  parameters 
that  are  amenable  to  adjustment,  and  to  analyze  the  effects 
of  such  adjustments  on  meeting  the  requirements  of  the  indiv- 
idual officer's  career  and  the  manning  needs  of  the  Navy 
as  outlined  above.   To  solve  the  distribution  and  assignment 
problem  the  manpower  manager  must  use  the  structure  of  the 
professional  development  path  as  a  model  of  personnel  flows 
within  his  system,  which  is  to  say  his  warfare  specialty. 

Caution  must  be  taken  when  manipulating  the  parameters  of 
this  model.   Some  of  the  parameters  are  interrelated  in  posi- 
tion or  time.   For  example,  lowering  the  number  of  positions 
in  the  department  head  tour  may  necessitate  the  transfer  of 
some  of  these  positions  to  the  division  officer  level.   This 
is  a  position  dependent  parameter.   If  a  change  in  accessions 
is  planned  in  the  near  future,  as  another  example,  it  must  be 
realized  that  the  effects  of  this  decision  are  felt  much  later 
in  the  senior  ranks  due  to  the  closed  nature  of  the  Navy 
personnel  system.   This  is  a  time  dependent  parameter. 


14 


In  the  submarine  force  in  particular,  the  supply  of  offi- 
cers is  delayed  from  operational  assignments  for  six  months  to 
a  year  and  a  half  by  required  formal  training.   This  factor 
limits  the  flexibility  with  which  early  tour  positions  can 
be  moved  around.   Once  on  board  the  officers  are  assigned  to 
various  positions  that  could  lead  to  increased  flexibility  of 
assignment.   This  is  because  the  billet  structure  is  not  as 
rigid  as  in  later  tours.   Both  number  of  billets  and  tour 
length  can  be  changed  to  make  more  or  fewer  positions  required 
to  be  filled  by  the  available  officers. 

It  is  incorrect  to  think  that  an  individual  officer  must 
or  will  follow  a  standard  path  through  its  entirety.   Condi- 
tions and  requirements  change  over  time.   On  a  larger  scale, 
though,  the  management  of  a  system  of  manpower  must  be  planned 
to  ensure  that  requirements  are  being  met,  and  if  they  are 
not  being  met  to  investigate  why  not.   As  the  stock  of  offi- 
cers available  increases  it  is  evident  that  the  flexibility 
with  which  the  manpower  manager  can  manipulate  a  career  path 
also  increases.   However,  proper  management  of  the  parameters 
becomes  especially  critical  in  an  era  of  declining  input. 

For  this  reason  this  thesis  is  written  with  the  purpose 
of  presenting  some  tools  that  the  manpower  manager  can  use 
in  effective  planning  by  analyzing  various  potential  deci- 
sions, such  as  increased  hardware  appropriations  or  require- 
ments for  a  new  position  aboard  a  new  class  of  ship,  for 
their  effects  on  the  professional  development  path.   The 
means  of  analysis  and  some  examples  of  analysis  on  hypo- 
thetical decisions  are  discussed  in  Section  IV. 
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III.   THE  SUBTOURS  MODEL 

A.   MATHEMATICAL  FORMULATION 

A  mathematical  model  gives  structure  to  a  set  of  data  that 
arise  from  a  problem  when  that  problem  is  translated  into 
mathematical  form.   The  model  can  then  be  used  to  assist  in 
solving  that  problem.   The  SUBTOURS  model  is  designed  to  struc- 
ture the  parameters  that  affect  manpower  assignment  in  the 
submarine  officer  corps.   It  matches  officer  requirements  for 
positions  at  sea  with  supply  of  manpower,  and  it  determines 
the  ratio  of  demand  vs.  supply  from  which  we  can  determine 
the  specific  parameters  that  cause  a  tour  position  to  be 
under-  or  overmanned.   The  model  analyzes  positions  on  board 
ship  over  time  from  a  start  year  in  annual  intervals  for  as 
many  years  as  the  data  permits. 

To  determine  officer  requirements  the  number  of  ships  per 
ship  type  per  year  is  multiplied  by  the  number  of  positions 
per  ship  type  per  tour.   More  specifically  let 


p,   =  number  of  ships  of  type  k  in  year  y. 

Then  P  is  a  matrix  of  all  Pt^^  '  s  and  has  dimension  K  x  Y,  where 
K  is  the  number  of  ship  types  and  Y  is  the  total  number  of 
years  for  which  we  are  analyzing.   Further  let 

b,  .  =  number  of  billets  for  ship  type  k  in  tour  j. 
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Then  B  is  the  matrix  of  all  b,  . ' s  and  has  dimension  K  x  J, 
where  J  is  the  total  number  of  tour  positions  and  K  is  as 
described  above. 

Requirements  are  determined  by  the  matrix  product: 

R  =  B'  X  P 

where  an  element  of  the  matrix  R,  r.   is  the  requirement  for 
officers  in  tour  j  during  year  y  and  B'  is  the  transpose  of  B 
Each  tour  requirement  is  the  demand  for  a  certain  number  of 
officers  with  a  particular  rank  and  years  of  service. 

The  officer  supply  is  the  number  of  officers  available 
during  a  given  year  with  the  necessary  years  of  service  to 
fill  a  particular  billet  (seatour)  type.   These  stocks  are 
made  available  from  another  activity's  model  named  POPI 
(Ref.  13)  which  predicts  future  officer  supplies  from  histori- 
cal data,  continuation  rates,  and  other  pertinent  information 
related  to  personnel  movement  in  the  Navy  officer  manpower 
system.   For  a  given  fiscal  year  the  stocks  of  officers  for 
each  rank  (Ensign  through  Captain)  is  given  by  POPI  according 
to  years  of  service.   This  information  is  restructured  in  the 
model  to  obtain  a  matrix  of  stocks  by  seatours  and  years. 
Here  S    (y)  is  the  stock  of  officers  of  grade  g  with  n  years 
of  service  in  fiscal  year  y.   Let 

S(y)  =  the  matrix  of  s    (y) 's  with  dimension  N  x  G, 

ng   -' 

where  N  is  the  maximum  years  of  service  and  G  is  the  highest 
grade  considered. 
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since  it  is  desirable  to  have  only  those  officers  with  a 
particular  seniority  in  service  fill  a  given  billet  at  sea,  a 
matrix  is  formed  of  the  percentage  of  time  that  a  tour  posi- 
tion is  found  in  a  particular  year  of  service.   Let 

t  .  =  the  fraction  of  time  spent  in  tour  position  j 

by  an  officer  with  n  years  of  service.   Then  T,  the  matrix 
of  t  .'s  has  dimensions  N  x  J.   For  example,  if  tour  position 
3  encompasses  all  of  the  tenth  year  of  service,  then  t,  ^^  ^  =  1. 
If  tour  position  3  begins  half  way  through  the  tenth  year  of 
service,  then  t,^  ^  =  0.5.   If  personnel  with  ten  years  of 
service  do  not  serve  in  tour  position  3  then  t,  ^  -.   =   0. 
Let 

* 

S  (y)  =  T'S(y)  and  T'  is  T  transpose. 

*         * 

The  elements  of  S  (y)  are  s  .  (y)  and  are  equal  to  the  number 

of  officers  of  grade  g  available  to  serve  in  tour  j'  during 
year  y.   Let 

m.  =  the  minimum  grade  required  for  tour  j  (e.g., 

m^=4  means  that  the  minimum  grade  in  tour  3  is  grade  4  or 

LCDR) .   Then 

G 

s.**(y)  =  2_^  ^*jg^y^ 

g=m. 
3 

=      number  of  officers  available  for  tour  j  in  year  y 


S**  is  the  matrix  of  s.**(y)*s  dimensioned  J  x  Y 

3 
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Finally,  to  compute  the  ratio  of  supply  and  demand  each 
element  or  R  is  divided  by  corresponding  element  of  S**.   Since 
R  and  S**  are  both  dimensioned  J  x  Y  the  result  is  a  matrix 
D  of  dimension  J  x  Y  where  each  element  is  the  ratio  of  demand 
vs.  supply.   Then  d-   is  the  ratio  of  demand  and  supply  for 
tour  j  in  year  y.   Each  element  of  D  that  is  less  than  one 
indicates  that  supply  exceeds  demand,  and  its  value  is  the 
chance  an  officer  with  the  required  years  of  service  and  grade 
has  of  obtaining  a  specific  seatour  billet  in  a  certain  year. 
Each  element  greater  than  one  indicates  that  a  billet  may  go 
unfilled  or  that  adjustments  must  be  made  to  fill  it.   Of 
course,  an  element  of  D  equal  to  one  means  that  supply  matches 
demand  exactly. 

B.   COMPUTER  PROGRAM 

1.   Flow  Diagram  and  Data  Manipulation 

The  challenge  of  a  computer  programmed  model  is  in 
simplicity  of  design  to  limit  the  complications  of  operation 
to  the  end-user  and  still  retain  the  rigor  of  the  mathematical 
model  so  that  the  results  will  be  meaningful  and  as  accurate 
as  the  assumptions  allow.   Accuracy  of  computation  is  assured 
with  seventeen  significant  figures  in  modern  computer  equip- 
ment, but  the  manipulation  and  organization  of  data  is  left 
to  the  designer.   A  properly  organized  program  allows  access 
to  any  part  of  the  data  involved  in  computation,  but  does 
not  allow  false  data  to  undermine  correct  operation  of  the 
program,  and  it  alerts  the  user  to  any  inconsistencies  in  the 
input.   While  it  has  been  attempted  in  this  model  to  exhaust 
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all  possibilities  of  input  error  that  would  lead  to  inaccurate 
results,  it  is  entirely  possible  that  there  still  remains  some 
combination  of  input  that  would  cause  the  program  to  default. 

The  SUBTOURS  program  is  designed  for  interactive  use 
by  employing  the  APL  programming  language  (Ref.  3).   Its  main 
function  is  to  calculate  seatour  opportunities  (the  ratio  of 
requirements  to  inventories)  from  the  data  discussed  in  the 
mathematical  formulation.   However,  its  real  usefulness  comes 
from  manipulation  of  the  data  used  in  the  calculation  of  the 
ratio.   As  such,  access  to  the  displays  and  changes  to  any  or 
all  of  this  data  are  offered  from  any  point  in  the  program. 
The  display  feature  is  for  instant  updating  on  the  status  of 
information.   Alterations  can  then  be  made  in  order  to  observe 
effects  on  the  manpower  requirements.   However,  either  of 
these  functions  can  take  place  first,  and  neither  one  need  be 
utilized  before  the  calculation. 

Appendix  A  shows  the  flow  diagram  of  the  program. 
Though  it  may  look  unnecessarily  crowded  with  flow  paths,  its 
function  can  be  divided  into  the  three  parts  of  the  program; 
display,  change  data,  calculate.   At  each  termination  of  data 
manipulation  a  decision  is  presented  so  that  access  to  any 
other  part  of  the  program  can  be  accomplished. 

It  is  necessary  in  some  alterations,  such  as  adding 
tour  positions,  to  lead  the  user  directly  to  another  change 
so  it  will  not  be  forgotten.   After  all  management  of  data  is 
complete  the  program  again  resumes  its  capability  of  branch- 
ing to  any  other  function. 
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Finally,  to  preserve  the  global  variables  in  which 
all  the  data  are  stored  a  provision  is  installed  to  allow  the 
user  to  make  the  changes  permanent  or  calculate  the  ratio 
from  his/her  temporary  trial  data.   This  provision  is  only 
offered  after  a  change  since  it  would  be  unnecessary  if  the 
program  was  used  solely  for  calculation.   The  only  change 
that  is  always  permanent  is  a  change  in  the  supply  matrix 
since  it  is  stored  in  a  global  variable  and  not  manipulated 
in  the  change  program.   One  reason  for  this  is  that  supply 
data  are  based  on  another  predictive  model  (Ref.  14)  and 
should  be  changed  only  on  consultation  with  that  model. 
2 .   Program  Construction 

The  SUBTOURS  program  is  written  in  the  APL  language 
and  was  designed  to  allow  the  end  user  all  options  possible 
in  analysis  of  career  path  data  of  his/her  selection.   At 
the  same  time  the  program  checks  input  data  and  shapes  it  as 
necessary  for  logical  inclusion  into  the  calculations  of  sea- 
tour  opportunities. 

To  achieve  versatility  the  program  uses  several  deci- 
sion points  allov/ing  branching  throughout  the  program  to  any 
of  three  major  applications  and  several  routines  within  those 
applications  as  the  user  desires.   After  completion  of  any 
task  the  program  allows  the  user  to  again  branch  to  any  of 
the  available  functions  including  the  same  step  just  accom- 
plished.  The  decision  point  approach  rather  than  a  step-by- 
step  progression  promotes  time  and  space  savings  and  helps 
the  analyst  keep  his/her  train  of  thought. 
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As  changes  are  made  in  the  data  each  piece  of  infor- 
mation is  checked  for  compatability  with  the  rest  of  the  data. 
When  scalar  values  are  expected  and  a  vector  is  entered  the 
program  automatically  picks  the  first  element,  then  checks  to 
see  if  it  is  logical.   Vector  inputs  are  checked  for  proper 
length  and  logical  values.   Literal  text  is  accepted  only  if 
it  answers  a  question  exactly. 

The  APL  language  allows  active  interaction  with  the 
user  and  versatility  with  banks  of  data  such  as  vectors  and 
matrices.   The  interactive  feature  gives  instant  display  of 
output  for  a  continuous  flow  of  information  between  user  and 
computer . 

a.   Functions  and  subf unctions 

The  main  function  or  SUBTOURS  function  is  involved 
in  the  general  management  of  input  data,  calculations,  and 
output  format  along  with  maintenance  of  each  subprogram.   The 
function  loads  in  four  sets  of  data  that  are  more  fully  ex- 
plained in  Section  II  B2.b.   Since  the  data  are  manipulated  by 
matrix  calculations  data  is  checked  to  make  sure  rows  and 
columns  are  compatible  with  each  other  and  that  there  is 
enough  information  in  each  for  complete  analysis. 

The  function  is  started  by  specifying  the  calendar 
year  in  which  the  stored  data  begins  and  the  number  of  years 
from  the  start  year  with  which  the  user  intends  the  model  to 
deal.   As  an  example,  if  the  data  stored  cover  fiscal  years 
1980-1986  and  the  user  desires  three  years  of  seatour  oppor- 
tunities beginning  with  1980  he  would  enter: 
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3  SUBTOURS  198  0 

The  entry  on  the  left  cannot  exceed  the  total  years  of  data 
stored  in  the  ship  projection  or  supply  projection  matrices. 
After  the  program  prints  a  set  of  instructions  (upon  request) 
it  prompts  the  user  to  select  one  of  three  applications  of  the 
program.   The  analyst  responds  by  entering  DISPLAY,  CHANGE,  or 
SEATOUR  which  will  direct  the  program  to  the  specified  sub- 
function  as  shown  in  figure  1.   A  typical  sequence  of  opera- 
tions might  be  as  follows: 

1.  Choose  display  of  data  to  be  analyzed  for  refer- 
ence to  the  original  data. 

2.  Request  the  change  applicable  to  the  data  dis- 
played and  alter  the  data  according  to  new 
constraints. 

3.  Return  to  display  to  check  that  change  desired 
has  been  entered. 

4.  Select  calculation  function  to  display  results 
of  analysis. 

The  first  subprogram  is  the  DISPLAY  function  de- 
signed to  retrieve  and  format  data  used  in  the  calculations  of 
seatour  opportunities.   It  employs  the  library  function  FOR- 
MAT to  shape  output  into  an  understandable  form.   Four  sets 
of  data  may  be  displayed. 

The  first  display  is  the  number  of  ships  projected 
for  the  future  that  will  require  manning.   The  ships  are  sep- 
arated into  ship  types  and  ship  types  are  named  for  easy 
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identification  and  numbered  for  facility  of  entry  into  other 
parts  of  the  program. 

Secondly,  the  tour  positions  are  presented  with 
start  time  and  length.   The  start  of  a  tour  is  the  number  of 
years  of  service  an  officer  must  have  before  he  can  fill  the 
specified  tour  position.   As  an  example,  in  Appendix  B  the 
department  head  tour  starts  at  the  completion  of  seven  years 
of  service.   The  tour  length  is  three  years.   According  to 
the  model  only  officers  with  seven  to  ten  years  of  service 
can  fill  a  department  head  billet.   Thus  tour  start  for  tour 
number  two  is  seven,  tour  length  is  three. 

It  is  also  possible  to  display  the  billets  neces- 
sary to  man  each  ship  type.   The  billets  are  presented  corres- 
ponding to  aship  type  and  a  tour  position.   (e.g.,  Ship  type 
A  may  have  three  billet  requirements  for  toiir  position  3)  . 
A  breakdown  by  ship  type  was  chosen  since  that  is  the  one 
area  where  billets  most  likely  will  differ.   Two  or  more  ship 
types  may  have  the  same  number  of  billets  in  one  tour  position 
but  may  differ  in  another.   For  tour  positions  that  do  not 
apply  to  a  certain  ship  type  that  ship  type's  billets  will 
equal  zero  and  will  not  affect  calculations. 

The  fourth  presentation  is  the  matrix  of  officer 
stocks  or  supply  that  is  projected  for  the  future.   Although 
the  matrix  is  stored  according  to  rank,  as  explained  in  Sec- 
tion II.B.2.b.,  the  values  are  displayed,  for  the  sake  of 
brevity  in  total  over  all  ranks,  ensign  through  captain.   The 
display  is  partitioned  by  years  of  service  (YOS)  and  future 
fiscal  years. 
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The  second  choice  offered  in  SUBTOURS  is  the 
alteration  of  data  by  selecting  CHANGE.   The  ALTER  subf unction 
controls  subordinate  functions  that  rearrange  data  presented 
in  the  display  function.   Changes  can  be  made  to  the  ship 
projection,  tour  positions,  and  billet  structure. 

Simplest  of  the  changes  is  a  correction  to  ship 
projections  in  the  SHPCHG  function.   Upon  selection  of  the 
ship  type  new  values  for  the  number  of  ships  projected  in 
the  future  is  inserted  by  row  in  the  matrix  of  ships.   When 
requested,  the  user  must  enter  a  value  for  all  years  presented 
even  if  some  of  the  values  remain  the  same. 

Tour  positions  can  be  changed,  new  tours  added 
and  old  tours  deleted.   If  a  tour  position's  values  are 
changed  the  new  values  are  -inserted  in  the  matrix  in  place 
of  the  original  start  and  length.   Since  tours  cannot  overlap 
(because  personnel  cannot  be  in  two  places  at  once) ,  if  an 
erroneous  value  is  entered,  the  program  will  automatically 
push  later  tours  forward  to  accommodate  the  change,  or  update 
the  new  values  to  later  start  times  if  they  overlap  with  an 
earlier  tour.   The  user  is  warned  of  this  condition  and  can 
correct  it  immediately  by  requesting  TOURCHG  for  the  faulty 
tour  values.   Tour  positions  cannot  be  assigned  to  cover  a 
length  of  service  for  which  there  is  no  supply  data.   In  this 
case  the  last  tour  of  tours  that  exceed  the  maximum  Y.O.S. 
represented  by  the  data  are  truncated  from  the  tour  position 
matrix  and  billets  are  removed  for  the  dropped  tour.   Again 
a  warning  is  given  to  the  user,  and  he  has  the  option  of 
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correcting  the  values  in  the  new  matrix  and  adding  the  trun- 
cated tour  back  into  the  matrix  through  the  TOURADD  function. 

If  additional  tours  are  desired  the  TOURADD  func- 
tion makes  space  for  them  in  the  tour  position  and  billet 
structure  matrices.   After  expanding  the  tour  position  matrix 
the  function  immediately  sends  the  user  to  the  change  tour 
function  to  insert  the  values  for  the  new  tours .   The  same 
precautions  apply  in  changing  tours  as  noted  above.   After 
entering  new  tour  start  and  length  times  the  function  auto- 
matically sends  the  user  into  the  billet  change  function  to 
add  billets  for  the  new  tours.   If  a  new  tour  is  truncated 
because  it  exceeds  the  maximum  years  of  service  of  officer 
supply  data,  billets  for  new  tours  not  truncated  must  still 
be  enter'ed.   If  more  than  one  new  tour  is  desired  between 
two  existing  tours,  all  that  is  required  of  the  user  is  to 
repeat  the  tour  number  in  entry  for  as  many  tours  as  are 
desired.   Given  four  tours,  as  an  example,  if  it  is  desired 
to  include  two  nev;  tours  after  the  existing  tour  two  and  one 
tour  after  the  existing  tour  three  the  user  would  enter  the 
vector  2  2  3  with  spaces  between  the  integers. 

When  a  tour  is  no  longer  desired  in  the  analysis 
the  TOURDEL  function  removes  the  tour  from  the  matrix  and 
automatically  eliminates  any  billets  associated  with  that 
tour  in  the  billet  matrix. 

The  last  two  changes  available  are  to  the  billet 
structure  data.   Depending  on  the  type  of  analysis  being  per- 
formed the  user  can  either  change  billets  according  to  ship 
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type  or  tour  position.   The  BILLCHS  function  inserts  new 
billets  for  a  specific  ship  type,  i.e.,  across  the  columns 
of  the  matrix.   The  BILLCHT  function  provides  new  billets 
for  a  specific  tour  position.   Entry  of  the  change  must 
again  provide  a  number  for  each  ship  in  the  BILLCHT  or  each 
tour  in  BILLCHS  even  if  some  of  the  values  remain  the  same. 

Upon  selection  of  the  SEATOUR  option  the  SUBTOURS 
function  calculates  seatour  opportunities.   As  mentioned  in 
Section  II. A. 2.  the  seatour  opportunities  are  an  array  of 
ratios  of  demand  vs.  supply.   They  are  associated  with  a  tour 
position  and  fiscal  year  from  the  start  year  projected  for  as 
many  years  as  requested.   There  are  four  steps  in  computing 
these  figures.   The  matrices  of  SHIPS  and  the  transpose  of 
BILLETS  are  matrix  multiplied  together  to  obtain  the  number 
of  positions  required  in  each  tour  per  fiscal  year.   The 
solution  yields  the  requirements  which  form  the  numerator 
of  the  ratio. 

The  next  two  steps  determine  the  number  of  offi- 
cers available  to  fill  the  requirements.   It  has  been  men- 
tioned that  the  model  only  accepts  officers  with  the  required 
years  of  service  to  fill  a  position.   Another  criterion  is 
that  the  officers  have  a  rank  commensurate  with  the  tour 
position  or  rank  higher  than  required.   Thus  a  lieutenant 
commander  cannot  fill  a  command  position.   To  determine  the 
first  criterion  the  fractional  matrix  explained  in  Section 
II. A. 2  is  computed  from  the  tour  position  matrix.   For  each 
tour  position  all  years  of  service  are  given  a  percentage 


27 


multiplier  between  zero  and  one  inclusive.   When  multiplied 
by  the  supply  of  officers  the  multiplier  matrix  will  yield 
only  the  supply  applicable  to  that  tour.   As  an  example,  a 
department  head  tour  may  involve  years  of  service  between 
seven  and  ten.   It  may  involve  only  half  of  year  seven  and 
all  of  years  eight,  nine,  and  ten.   Then  the  matrix  multi- 
plier would  be  0.5  for  Y.O.S.  seven,  1.0  for  Y.O.S.  eight, 
nine,  and  ten  and  0.0  for  all  other  Y.O.S.   To  determine 
the  second  criterion,  ranks  required  for  a  tour  position, 
the  function  INVENTORY  finds  the  lowest  rank  associated  with 
a  tour  by  comparing  it  to  the  standard  promotion  schedule  of 
Appendices  B-1  and  C,  and  then  adding  together  all  supply 
matrices  of  that  rank  and  higher.   To  determine  officers 
available  each  tour  multiplier  is  applied  to  its  correspond- 
ing supply  from  INVENTORY.   The  result  is  a  matrix  of  officers 
available  for  each  tour  in  the  projected  fiscal  years. 

Finally,  in  the  fourth  step  each  element  of  the 
requirements  is  divided  by  its  corresponding  element  of  the 
officers  available  to  fill  those  requirements.   As  a  precaution, 
any  element  of  supply  equal  to  zero  is  changed  to  one  to  avoid 
dividing  by  zero.   A  ratio  less  than  one  is  the  chance  of 
any  one  of  the  available  officers  drawing  a  seatour  billet, 
and  a  ratio  greater  than  one  is  an  indication  that  a  tour  is 
undermanned.   A  result  greater  than  one  is  changed  in  the  out- 
put format  explained  in  the  next  section  for  a  more  meaningful 
interpretation . 
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b.   Input  and  Output 

To  determine  the  opportunities  for  a  sea  tour 
there  must  be  information  available  to  the  functions  as  des- 
cribed above.   The  data  for  the  SUBTOURS  program  is  stored  in 
global  variables,  which  are  stored  with  their  name  and  value 
along  with  the  functions  each  time  a  workspace  is  saved.   In 
APL  a  variable  can  have  an  entire  array  as  its  value  which 
allows  parallel  computations  within  a  function. 

Within  the  workspace  for  the  SUBTOURS  program  the 
projection  of  the  number  of  ships  per  year  is  held  in  the 
variable  SHIPS,  tour  position's  years  of  service  start  and 
length  in  years  is  held  in  TOURS,  the  amount  of  billets  per 
tour  position  for  each  ship  type  is  held  in  BILLETS,  and  the 
officer  stocks  for  future  years  is  held  in  SUPPLY.   The  first 
three  variables  are  two  dimensional  with  dimensions  as  neces- 
sary to  achieve  compatibility  in  computations.   The  variable 
SUPPLY  is  three  dimensional  with  each  matrix  of  the  array  rep- 
resenting a  specific  rank.   When  the  inventory  of  officers 
available  for  a  tour  is  computed  only  those  matrices  (ranks) 
that  are  applicable  are  used. 

If  more  than  one  set  of  data  are  being  analyzed, 
as  in  the  submarine  officer  corps  with  nuclear  and  SWS  per- 
sonnel, the  different  sets  of  data  can  be  stored  in  another 
work  space  and  copied  onto  the  SUBTOURS  work  space.   After 
copying  the  data  both  functions  and  variables  can  be  stored 
again  in  the  same  place  by  issuing  a  save  command.   If  a 
switch  of  data  is  desired  copying  the  new  work  space  of 
data  will  eliminate  the  old  variables,  and  then  the  new  data 
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can  be  saved  as  above.   In  this  research  the  independent 

work  spaces  for  nuclear  and  SWS  personnel  of  the  officer  corps 

were  named  NUC  and  SWS  respectively. 

Once  the  data  have  been  loaded  along  with  the 
functions  the  global  variables  are  duplicated  into  local 
variables  immediately  upon  execution.   Local  variables,  in 
APL/  exist  only  during  function  run  and  as  such  will  not 
disturb  the  global  variables.   Thus  data  can  be  manipulated 
and  results  analyzed  without  altering  or  losing  the  original 
information. 

The  library  program  FORMAT  is  part  of  the  work 
space,  formally  saved  along  with  functions  and  variables 
directly  related  to  SUBTOURS .   Its  function  is  to  shape  the 
output  into  a  neat  report  format  for  easier  comprehension. 
The  function  of  FORMAT  performs  several  tasks  to  accomplish 
this.   In  addition  to  spacing  and  carriage  functions  it  uses 
a  global  variable  of  the  literal  names  of  ship  types  for 
inclusion  with  the  display  and  changes  printed  out  for  the 
user.   It  also  allows  insertion  of  literal  text  with  numeric 
results  for  column  headings  and  other  data  identifiers. 

Throughout  the  program  additional  information  is 
required  from  the  user  as  to  which  options  are  desired.   The 
function  calls  for  two  types  of  information  at  different  times 
If  a  question  is  asked  that  must  be  answered  by  a  literal  word 
or  letter  the  terminal  will  merely  stop  printing  and  wait  for 
a  response.   If  numerical  information  is  desired  the  terminal 
will  prompt  the  user  with  a  box  character  (window)  followed 
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by  a  colon.   If  either  type  of  question  is  answered  with  the 
incorrect  type  of  character  the  terminal  responds  that  there 
was  wrong  entry  and  inquires  again  for  the  correct  informa- 
tion.  The  one  exception  to  this  rule,  however,  involves 
questions  that  require  a  yes  or  no  response.   Either  YES  or 
Y  is  accepted  as  a  yes  answer.   All  other  characters  are 
considered  a  no  answer  except  for  no  response  with  a  return 
of  the  carriage. 

The  output  of  seatour  opportunities  has  one 
unique  feature.   If  a  value  of  the  ratio  is  greater  than  one 
this  indicates  the  tour  position  is  undermanned.   Rather  than 
leave  it  a  ratio  of  demand  vs  supply  the  value  is  inverted 
and  added  to  minus  one,  the  absolute  value  of  which  is  the 
percentage  the  tour  is  undermanned.   In  the  FORMAT  program 
this  negative  value  keys  a  step  to  put  parentheses  around 
the  absolute  value.   Thus  all  output  in  the  seatour  opportuni- 
ties matrix  is  between  zero  and  one  inclusive,  and  tours 
where  manpower  poses  a  problem  are  readily  identified  from 
positions  where  manpower  is  sufficient  by  the  appearance  of 
parentheses . 
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IV.   APPLICATIONS  AND  ANALYSIS 

A.   MANPOWER  MANAGEMENT  APPLICATIONS 

The  manpower  manager  must  use  all  the  tools  available  to 
him/her  to  adequately  plan  for  the  optimal  utilization  of 
personnel  under  his  cognizance.   The  operation  of  the  SUB- 
TOURS  model  has  been  presented  in  Section  III.   It  was  design- 
ed primarily  for  use  with  the  submarine  officer  corps  but  the 
applications  of  the  model  may  be  relevant  for  some  other  naval 
officer  communities  as  well.   To  transfer  the  information  of 
model  operation  from  a  theoretical  point  of  view  to  practical 
applications  it  is  necessary  to  explain  how  the  program  can 
be  used  in  analysis  of  real  data,  and  how  it  can  be  used  in 
planning  manpower  decisions  by  experimenting  with  alternative 
policies. 

One  real  advantage  to  planning  by  computer  modeling  is 
the  savings  in  time  and  resources  it  offers  by  simulation  of 
events  as  opposed  to  analysis  by  manipulation  and  observation 
over  time  of  real  resources.   This  second  method  is  often 
costly  in  time,  and  in  some  cases  cannot  be  performed  for 
fear  of  upsetting  the  present  status  quo.   A  model  also  as- 
sures a  higher  reliability  in  the  prediction  of  events  than 
does  direct  extrapolation  from  previous  documentation  or 
experience,  or  simply  planning  by  intuition  of  the  expected 
results. 
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1.   Billet  Adjustments  and  Ship  Requirements 

Officer  requirements  are  determined  by  the  number  of 
positions  at  sea  that  must  be  filled  by  qualified  officers. 
A  position  is  created  to  fulfill  a  requirement  aboard  ship, 
and  the  total  number  of  positions  required  is  simply  the 
number  of  ships  times  the  number  of  positions  per  ship.   The 
billet  requirements  that  are  analyzed  in  Section  IV. B.  were 
determined  from  the  various  ship  manning  documents  (Ref .  7  . 
through  12) .   Each  position  is  associated  with  a  rank,  a 
designation,  and  a  navy  officer  billet  code  (NOBC) .   A  review 
of  the  necessity  to  fill  a  position  must  consider  both  safe 
operation  of  the  ship  and  the  likelihood  that  the  billet  will 
provide  the  officer  assigned  to  it  the  necessary  training  and 
experience  to  gain  the  skills  for  advanced  development. 

The  first  consideration  must  include  a  review  of  the 
ranks  and  NOBC's  assigned  to  different  jobs.   If  there  is 
any  flexibility  without  reduction  in  safety  some  billets 
could  be  moved  to  another  tour  or  added  (dropped)  as  neces- 
sary to  change  the  total  requirements.   A  billet  changed  to  a 
different  tour  shifts  the  burden  of  manpower  to  a  new  position 
Added  (dropped)  tours  increase  (decrease)  the  manpower  load 
in  only  those  tours  so  changed.   As  can  readily  be  seen  a 
change  over  all  ship  types  is  much  more  effective  on  seatour 
opportunities  than  a  change  on  only  one  ship  type. 

The  other  variable  in  officer  requirements  is  the 
number  of  ships  that  are  available  for  manning.   While  this 
variable  is  more  often  a  constraint  on  the  manpower  analyst, 
its  importance  must  not  be  overlooked.   The  projection  of  the 
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number  of  ships  is  made  for  succeeding  fiscal  years.   Depend- 
ing on  the  trend  of  acquisition  and  disposal  of  hardware, 
manpower  requirements  will  vary  according  to  the  number  of 
billets  per  ship  type.   If  the  total  number  of  ships  is  de- 
creasing, but  the  ships  with  the  highest  billet  requirements 
is  increasing,  the  requirements  for  manpower  may  increase. 
The  model  can  be  used  to  give  the  analyst  a  feel  for  the 
magnitude  of  the  effects  on  manpower  required  in  a  changing 
hardware  environment,  and  it  can  assist  in  planning  for  the 
manpower  needs  of  the  future. 

The  second  consideration  in  billet  changes  is  the 
preparation  of  the  individual  officer  for  further  assignment. 
This  consideration  is  linked  to  the  applications  to  tour 
positions  discussed  below  but  also  must  be  considered  in 
billet  assignments.   The  number  of  billets  in  a  given  ship 
type  can  determine  the  eligibility  of  the  officers  to  move 
on  to  higher  positions  of  increasing  complexity.   If  this 
skill  can  be  transferred  between  ship  types  then  the  billets 
can  also  be  interchanged.   However,  if  a  billet  is  unique 
to  a  certain  specific  ship  type,  then  the  number  of  billets 
in  the  tour  position  below  (or  junior  to)  the  unique  billet 
must  be  sufficient  to  train  officers  for  future  assignment 
to  that  billet. 

2.   Tour  Positions  Within  the  Professional  Development  Path 
The  importance  of  the  career  development  path  in  the 
management  of  personnel  was  explained  in  Section  II.   The 
effects  of  manipulation  on  the  parameters  of  the  path  are 
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evident  in  the  values  of  seatour  opportunities.   In  the  model 
the  parameters  of  the  tour  position  matrix  are  the  years  of 
service  necessary  to  obtain  a  tour  and  the  length  of  time  in 
the  tour.   Also  associated  with  tour  assignment  is  the  rank 
requirement  for  each  tour  position.   Because  of  the  nature  of 
the  submarine  community  the  rank  required  in  a  tour  is  com- 
mensurate with  the  normal  advancement  of  officers,  so  that  a 
tour  that  falls  within  the  normal  zone  for  lieutenant  com- 
mander will  normally  require  a  lieutenant  commander  to  fill 
the  position.   Since  tours  normally  fall  in  a  sequence  of 
steps  with  few  or  no  alternatives  there  are  no  tours  that 
are  considered  to  be  filled  by  officers  with  the  correct 
number  of  years  of  service  but  with  lower  rank  than  is  nor- 
mally found  in  those  years  of  service.   On  the  other  hand, 
if  a  tour  position  extends  into  a  higher  rank,  those  officers 
that  are  in  either  rank  are  included  as  eligible  for  that 
tour  position.   For  example,  the  normal  advancement  from 
lieutenant  to  lieutenant  commander  is  at  nine  years  of 
service.  (App.  B-1)   If  a  tour  starts  in  year  seven  and  goes 
to  year  ten,  personnel  in  both  ranks  will  be  considered 
eligible  for  that  tour.   Even  if  the  tour  length  is  changed 
to  end  before  the  normal  promotion  year  to  the  next  higher 
rank  any  officer  that  is  advanced  early  is  still  eligible 
for  that  tour  position. 

With  the  constraint  on  rank  held  constant,  as  dis- 
cussed above,  the  parameters  of  tour  start  and  length  can 
be  adjusted  for  analysis  of  the  effect  on  seatour  opportunities, 
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or  new  tours  can  be  assessed  as  to  their  feasibility  with 
respect  to  the  existing  tours.   Again  adjustments  must  be  made 
with  caution  and  consideration  of  the  qualifications  neces- 
sary to  fill  a  tour  (e.g.,  a  commanding  officer's  tour  cannot 
be  lowered  below  an  executive  officer's  tour  since  the  first 
is  only  possible  upon  successful  completion  of  the  second) . 
Formal  training  requirements  act  as  constraints  on  how  early 
or  late  a  tour  can  begin.   Above  all,  the  requirement  to  safely 
man  the  ship  with  officers  of  requisite  knowledge  and  expe- 
rience must  play  a  major  role  in  determining  what  changes 
are  possible. 

All  these  things  considered  the  manipulation  of  tour 
positions  can  proceed.   An  extension  of  tour  length  will 
make  more  officers  available  to  fill  a  tour  but  may  impact  on 
other  tour  positions.   If  a  tour  is  started  earlier  more  man- 
power will  be  available  to  fill  positions  before  some  frac- 
tion leave  the  system.   A  tour  that  is  placed  later  in  the 
career  development  path  may  push  a  subsequent  tour  into  later 
years  of  service  and  reduce  its  manpower  supply. 

In  the  model  presented  in  the  thesis  analysis  is  per- 
formed only  on  the  seatour  positions.   Time  not  spent  at  sea 
is  considered  open  space  and  offers  flexibility  in  movement 
of  sea  tours  ahead  or  back  unless  they  impinge  on  other  sea- 
tours.   It  is  realized  that  unconstrained  movement  of  sea- 
tour  positions  may  have  important  consequences  on  major 
shore  duty  tours .   For  this  reason  any  shore  duty  which  is 
required  or  preferred  in  an  officer's  career  path  must  be 
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considered  when  performing  this  type  of  analysis.  Inclusion 
of  shore  billets  in  the  seatour  position  matrix  is  discussed 
in  Section  V.B.  as  an  extension  to  the  present  model. 

Sometimes  the  analyst  may  wish  to  view  the  effects  of 
added  tours.   This  may  come  from  a  completely  new  requirement 
or  a  separation  of  an  old  requirement  into  two  distinct  tours. 
When  a  new  tour  is  added  new  billets  are  implicit  to  the 
analysis  (in  the  model  they  are  prompted  explicitly) .   If 
the  new  tour  is  an  extension  of  an  old  one  billets  can  be 
shared,  and  the  effect  is  the  same  as  lengthening  the  original 
tour.   If  new  billets  are  intended  the  SEATOUR  calculation 
will  enable  the  analyst  to  see  if  he  can  fulfill  the  commit- 
ment.  In  any  circumstance,  new  billets  are  just  another  way 
to  investigate  the  effect  on  the  manpower  system  of  changes 
in  the  professional  development  path. 

3 .   Seatour  opportunities  -  balancing  officer  requirements 
with  manpower  supply 

The  ultimate  goal  of  the  SUBTOURS  computer  program  is 

to  calculate  the  seatour  opportunities  or  shortfalls  in  the 

submarine  officer  corps.   A  few  of  the  applications  within 

the  program  have  been  discussed  above.   However,  the  final 

result  is  the  ratio  of  officer  requirements  to  manpower  supply, 

and  the  numerical  value  of  this  ratio  can  be  important  in 

planning  changes  in  the  manpower  system.   The  mechanics  of 

the  calculations  were  discussed  in  Section  III. A.  and  B.2.b., 

but  the  implications  of  the  results  can  effect  the  planning 

of  alternatives.   In  fact,  this  is  the  virtue  of  an  inter- 
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active  model.   Even  more  than  the  actual  value  for  each  fiscal 
year  the  trend  of  the  values  is  instructive  in  deciding  which 
alternative  to  choose. 

Both  positive  and  negative  values  are  percentages, 
the  positive  value  a  percentage  of  the  manpower  pool  that  can 
fill  a  seatour  position,  the  negative  value  a  percentage  of 
positions  that  are  unmanned.   The  tour  position  with  which 
the  ratio  is  related  is  also  important.   For  tours  early  in 
a  career  (e.g.,  division  officer)  the  value  of  seatour  op- 
portunities requires  a  large  change  in  billets  or  personnel 
for  a  small  change  in  value.   However,  in  later  tours  it  may 
be  true  that  the  ratio  can  be  effected  by  a  small  increase  in 
personnel,  but  to  get  that  increase  a  much  larger  one  must 
occur  at  accessions  to  account  for  the  loss  of  personnel  as 
they  advance  to  the  higher  positions.   As  mentioned  previously, 
the  higher  tour  positions  are  constrained  by  time  so  that  the 
higher  the  tour  position  the  earlier  the  change  must  occur 
in  accessions.   This  comes  about  due  to  the  fact  that  man- 
power policy  in  the  submarine  officer  community  allows  little 
or  no  lateral  entry  (i.e.,  officer  inputs  with  seniority  upon 
entry)  because  of  the  unique  training  of  the  officer  corps 
from  internal  sources  (Ref .  2) . 

Observations  over  a  period  of  years  prove  that  a 
change  in  supply  will  take  a  longer  time  to  affect  seatour 
opportunities  than  a  change  in  requirements.   Thus,  the  advan- 
tage of  planning  early  in  the  cycle  of  events  is  demonstrated 
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in  the  application  of  the  SUBTOURS  program  to  manpower 
management  applications. 

B.   ANALYSIS  OF  CURRENT  SUBMARINE  FORCE  DATA 

To  demonstrate  some  of  the  applications  presented  in  the 
previous  section  actual  unclassified  data  of  the  submarine 
force  for  fiscal  years  1980  through  1986  were  used  to  compute 
seatour  opportunities  with  the  SUBTOURS  model.   The  data  were 
changed  in  thirteen  different  ways  by  using  the  model  to 
simulate  various  situations  that  might  require  reevaluation 
of  the  current  manpower  distribution  plan,  and  to  offer  a 
few  alternatives  to  the  present  career  path  that  could 
actually  be  considered  while  analyzing  the  present  manpower 
system. 

The  computer  output  is  contained  in  Appendices  D  and  E 
to  illustrate  what  a  typical  terminal  session  might  look  like. 
Appendix  D  contains  the  output  and  changes  in  the  nuclear 
officer  data,  and  Appendix  E  is  the  strategic  weapons  systems 
officer  data  output.   The  alternatives  considered  were  chosen 
first,  to  display  as  many  of  the  model's  capabilities  as 
possible  and  secondly,  to  present  scenarios  that  may  resemble 
changes  with  which  a  contemporary  analyst  would  likely  experi- 
ment.  The  changes  are  not  actual  plans  of  the  Office  of  CNO 
(Manpower/Training  OP-13) ,  but  they  are  offered  by  the  author 
as  alternatives  that  might  realistically  be  considered. 

Both  terms  that  comprise  the  seatour  opportunities  ratio 
are  considered.  Parameters  that  affect  the  requirements  for 
officer  positions  at  sea  are  manipulated  first.   These  changes 
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are  often  situations  that  may  arise  due  to  factors  beyond 
the  manpower  manager's  control.   In  fact,  he/she  may  be 
asked  to  predict  the  possible  consequences  of  such  contem- 
plated changes.   An  example  of  the  type  of  situation  with 
which  he/she  might  be  faced  is  presented  in  the  Congressional 
Budget  Office's  Background  Paper  on  the  alternatives  of  our 
sea-based  strategic  forces,  primarily  alternatives  to  the 
Trident  submarine  (Ref .  1) .   The  manager  may  be  tasked  with 
determining  the  alternative  that  can  be  most  efficiently 
manned  with  our  present  resources. 

The  second  set  of  parameters  that  deal  with  officer 
supply,  namely  the  tour  position  start  and  length,  are 
analyzed  to  attempt  to  create  a  more  effective  career  path, 
one  that  will  meet  the  requirements  of  Section  II  and  Ref.  13. 

The  discussion  in  this  section  will  be  more  meaningful 
if  referral  is  made  to  Appendices  D  and  E  to  observe  the 
results  of  the  computations  for  each  change  presented. 

At  the  front  of  Appendices  D  and  E  is  a  printout  of  the 
seatour  opportunities  as  computed  from  the  current  data. 
These  figures  should  be  used  as  a  benchmark  with  which  to 
compare  the  seatour  opportunities  that  resulted  when  the  cur- 
rent data  were  changed  in  the  analyses  that  follow.   Directly 
following  the  current  seatour  opportunities  is  a  display  of 
the  current  data  used  in  the  calculation.   Most  of  the  changes 
that  follow  are  analyzed  for  the  nuclear  officer  community 
since  they  form  the  bulk  of  the  submarine  population.   The 
supply  of  SWS  officers  was  derived  from  the  POPI  model 
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(Ref.  14)  by  subtracting  the  nuclear  officer  supply  from  the 
total  submarine  officer  supply  provided  by  Ref.  14.   Though 
this  method  of  SWS  supply  determination  may  be  somewhat 
inaccurate  it  provides  the  model  with  at  least  a  starting 
point  for  analysis  and  can  be  refined  as  a  better  understand- 
ing of  the  SWS  communities  makeup  is  determined. 

The  results  of  the  seatour  opportunities  for  both  com- 
munities seem  to  reflect  the  present  day  statistics  of  man- 
power requirements  and  supply  in  the  submarine  force.   The 
SWS  community  shows  some  erratic  behavior  which  is  probably 
the  combined  result  of  inaccurate  data  and  a  general  shortage 
of  SWS  officers  throughout  that  community.   The  requirements 
for  nuclear  trained  officers  compares  favorably  with  the 
results  of  the  FY-79  Officer  Warfare  Study  (Table  4  of  Ref. 
15) .   The  value  of  seatour  opportunities  for  senior  officers 
(tour  five)  compares  exactly  with  the  values  in  Ref.  16  of 
36  percent. 

1.   Officer  Requirements 
a.   Ship  Requirements 

Change  I  postulated  that  the  delivery  of  new 
ships  was  accelerated  by  one  ship  for  every  year  so  that  an 
additional  ship  was  added  to  the  inventory  above  the  normal 
schedule  for  every  year  from  1981  to  1984.   Ship  types  SSN 
688  and  SSBN  (Trident)  were  selected  as  the  two  categories 
to  demonstrate  the  accelerated  delivery  schedule. 

The  results  indicate  that  the  accelerated  delivery 
schedule  stabilizes  the  seatour  opportunities  over  the  years. 
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Where  the  original  data  prompted  seatour  opportunities  to 
decrease  in  later  years  (easing  the  burden  on  the  executive 
officer  and  commanding  officer  tour  positions)  the  new  ships 
kept  the  ratios  approximately  constant. 

Change  II  was  the  opposite  of  change  I.   The  sched- 
ule of  deliveries  was  slowed  by  one  ship  each  year.   Addition- 
ally, ship  type  one,  SSN  578,  had  some  units  decommissioned 
in  1982  and  1984.   The  trend  in  seatour  opportunities  this 
time  was  a  decrease  in  later  years.   However,  the  critical 
year  of  1982  is  still  far  short  of  personnel  in  the  executive 
officer  position. 

b.   Billet  Structure 

Change  III  examines  what  the  seatour  opportunities 
would  be  if  the  billet  structure  was  similar  to  the  structure 
in  the  FY-79  Officer  Warfare  Study  (Ref .  15) ,  division  offi- 
cer billets  were  transferred  to  the  department  head  tour. 
Since  Ref.  15  distinguishes  between  Polaris/Trident  and 
Poseidon  SSBN  billets  the  billets-ships  variable  was  changed. 
(outside  the  model)  to  account  for  the  two  ship  types  sep- 
arately.  SSBN  1  is  the  designation  for  Polaris/Trident  and 
SSBN  2  is  the  designation  for  Poseidon. 

Filling  the  department  head  tour  with  three 
billets  on  SSN  ship  types  results  in  seatour  opportunities 
that  are  close  to  one,  providing  little  slack  in  manpower 
distribution.   At  the  same  time,  the  seatour  opportunities 
in  the  division  officer  tour  are  decreased  indicating  that 
the  supply  is  more  than  sufficient  to  meet  the  demand  for 
officers  until  1984. 
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Change  IV  involves  both  nuclear  and  SWS  officers 
aboard  the  fleet  ballistic  missile  submarines  (SSBN)  and  is 
part  of  both  appendices.   The  SSBN  is  manned  by  two  complete 
crews  and  as  such  requires  normal  billets  of  the  ship  man- 
ning documents  (Refs.  7  through  12)  to  be  doubled  in  the 
model.   Normally,  the  SWS  officers  fill  two  division  officer 
billets  on  both  crews  of  an  SSBN  and  the  navigator  position 
on  one  crew  (the  navigator  tour  is  in  the  department  head 
tour  of  the  nuclear  community) .   To  reduce  the  deficit  of  SWS 
officers  in  the  division  officer  and  navigator  tours  two 
billets  (one  for  each  crew)  in  the  division  officer  tour  and 
one  billet  on  Poseidon  class  ships  from  the  navigator  tour 
were  transferred  from  the  SWS  model  to  the  nuclear  officer 
model.   As  might  be  expected,  the  SWS  community  showed  very 
few  undermanned  tour  positions  as  a  result  of  the  change. 
The  nuclear  department  head  tour,  however,  became  undermanned 

Change  V  illustrates  what  the  seatour  opportuni- 
ties would  be  if  all  SWS  positions  on  the  SSBN  ship  type 
were  transferred  to  the  nuclear  community.   Clearly  this 
change  and  Change  IV  prove  that  more  planning  must  be  done 
to  fill  the  SSBN  tour  position  than  merely  shifting  billets 
from  one  community  to  the  other. 

Change  VI  was  designed  to  demonstrate  how  the 
analyst  would  handle  the  problem  of  changing  the  billet  struc- 
ture over  time.   Since  the  model  does  not  do  this  automatic- 
ally it  must  be  manipulated  manually.   The  change  postulated 
that  billets  would  increase  in  FY  1984  in  the  department 
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head  tour  (tour  two)  by  one  billet  (except  for  the  SSN  597 
and  SSN  688) .   The  analysis  is  performed  by  comparing  the 
original  seatour  opportunities  for  1980  through  1983  with 
the  seatour  opportunities  of  the  changed  data  for  1984 
through  1986  and  ignoring  the  years  1980-83  in  this  output. 

The  final  billet  change.  Change  VII,  was  com- 
puted to  observe  the  effects  of  adding  small  numbers  of  bil- 
lets to  two  differently  populated  tours.   Two  billets  were 
added  to  the  division  officer  tour  (e.g.,  training  billets) 
and  to  the  major  command  tour.   As  expected,  the  seatour 
opportunities  of  tour  one  increased  by  only  thirty  percent 
while  the  major  command  seatour  opportunities  almost  doubled. 
2.   Officer  Supply 

Since  the  model  does  not  presently  allow  changes  to 
the  officer  supply  the  only  means  of  providing  personnel  to 
fill  a  billet  is  by  manipulation  of  the  tour  position  matrix. 
This  actually  simulates  the  manpower  manager's  situation  who 
is  not  in  a  position  to  affect  the  officer  supply  except  by 
such  changes  in  tour  position  and  length. 

a.   Tour  Positions 

Both  Change  VIII  and  Change  IX  were  directed  at 
eliminating  the  shortage  of  officers  in  the  executive  officer 
(XO)  and  commanding  officer  (CO)  billets.   Change  VIII 
lengthened  tour  positions  three  and  four  by  one  year.   This 
had  the  effect  of  eliminating  the  shore  duty  between  the  XO 
and  CO  tours.   Change  IX  moved  tours  three  and  four  back  one 
and  a  half  years  earlier  and  eliminated  the  shore  tour 
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between  department  head  and  XO.   The  first  alteration  had  a 
greater  effect  at  eliminating  the  shortages  in  the  XO  and  CO 
tour  positions.   All  but  the  last  three  fiscal  years  have 
positive  seatour  opportunities  and  in  the  last  three  years  the 
shortages  are  significantly  reduced.   The  added  year  in  these 
tours  made  an  additional  year  group  of  officers  available  for 
them  and  was  significantly  more  effective  than  trying  to  take 
advantage  of  personnel  earlier  in  their  careers  (Change  IX) . 

Change  X  was  a  demonstration  of  the  tour  adding 
capability  of  the  model,  and  it  was  also  intended  to  show 
the  seatour  opportunities  related  to  an  earlier  submarine 
career  path  of  a  split  tour  of  two  years  apiece  for  the 
division  officer.   Since  the  division  officer's  total  tour 
was  lengthened  to  four  years  the  department  head  tour  (now 
tour  three)  was  moved  forward  one  year  to  retain  the  shore 
tour  between  the  division  officer  and  department  head  tours 
and  the  latter  lengthened  by  one  half  year  to  account  for  the 
decrease  in  officer  stocks  due  to  its  later  position. 

The  results  show  both  division  officer  tours  to 
have  slightly  decreased  seatour  opportunities  most  likely 
from  the  increased  total  length  of  the  two  tours .   The  depart- 
ment head  tour  had  increased  seatour  opportunities  even  with 
the  added  half  year,  most  likely  caused  by  pushing  the  tour 
past  the  end  of  an  officer's  initial  obligation,  at  a  time 
when  officer  stocks  significantly  decrease. 

Change  XI  was  an  extension  of  the  previous  change 
and  was  computed  with  the  XO  and  CO  tour  pushed  later  and 
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lengthened  to  retain  the  shore  tour  between  the  department 
head  and  XO  tours.   The  lengthening  of  the  XO  and  CO  tours 
eliminated  shore  duty  between  these  two  tours.   All  that  was 
achieved  by  this  change  was  a  decrease  of  the  shortages  in 
the  XO  and  CO  tours  as  compared  to  the  effects  of  Change  X. 
b.   Multiple  Career  Paths 

Change  XII  is  an  illustration  of  the  procedure 
necessary  for  the  present  model  to  deal  with  the  problem  of 
multiple  career  paths,  which  is  discussed  in  more  detail  as 
an  extension  to  the  model  in  Section  V.   The  career  path 
that  was  analyzed  is  shown  in  Appendix  B-2  as  an  alternative 
to  the  normal  professional  development  path  of  a  nuclear  sub- 
marine officer.   The  XO  tour  is  evenly  divided  among  per- 
sonnel who  assume  the  billet  directly  after  a  department  head 
tour  and  personnel  who  have  two  years  of  shore  duty  before 
filling  an  XO  billet.   The  CO  billet  is  accordingly  adjusted 
to  give  the  personnel  that  did  not  go  to  shore  duty  after 
the  department  head  tour  two  years  of  shore  duty  between 
XO  and  CO  tours.   The  others  who  had  shore  duty  after  the 
department  head  tour  go  on  to  a  CO  billet  after  finishing 
the  XO  tour.   The  space  of  nine  months  shown  as  shore  duty 
in  the  career  path  is  the  required  prospective  commanding 
officer's  school  prior  to  assuming  command  (Ref.  13). 

To  accommodate  the  model  the  analyst  must  deter- 
mine a  single  start  time  and  length  for  the  two  non-coincident 
tours.   To  arrive  at  a  reasonable  estimation  the  start  times 
and  lengths  are  averaged  between  the  two  separate  paths  to 
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obtain  common  parameters.   If  the  distribution  of  people 
going  to  separate  paths  are  not  equal,  as  was  the  case  in 
this  example,  the  average  would  be  weighted  by  the  proportion 
of  people  following  each  career  path.   The  adjusted  parameters 
used  in  the  model  are  shown  in  Appendix  B-2  by  the  broken 
lines  across  the  seatour  positions.   The  results  of  the  com- 
putation show  a  fairly  uniform  distribution  of  personnel 
across  all  tours. 

Change  XIII  was  made  with  the  same  altered  career 
path  to  eliminate  the  shortage  of  officers  that  remained  in 
the  CO  tour  position  by  lengthening  that  tour  by  one  half 
year.   The  result  was  to  eliminate  the  shortages  in  1982  and 
1983,  but  a  shortage  still  remains  in  years  thereafter.   To 
eliminate  the  remaining  shortages  other  analyses  would  have 
to  be  made . 
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V.   LIMITATIONS  AND  EXTENSIONS  OF  THE  MODEL 

A.   ASSUMPTIONS  AND  CONCURRENT  LIMITATIONS 

Inherent  in  any  modeling  process  is  a  simplification  of 
real  life  data  so  that  the  information  can  be  organized  in  a 
structure  suitable  for  calculation.   This  is  necessary  to 
keep  the  model  from  becoming  a  disorderly  array  of  exceptions 
to  the  rules  that  govern  the  model .   At  the  same  time  it  must 
be  complete  enough  not  to  be  misleading.   It  is  up  to  the 
designer  to  formulate  assumptions  that  simulate  reality  as 
closely  as  possible  yet  are  easily  understood  in  the  results. 

Seatour  opportunities  form  a  basis  for  analysis  of  the 
officer  professional  development  path.   It  is  the  ultimate 
goal  of  a  manpower  manager  to  plan  a  path  to  be  followed  as 
closely  as  possible  by  the  entire  community/  though  there 
will  be  exceptions.   The  computation  of  the  ratio  of  demand 
to  supply  assumes  that  all  personnel  follow  the  career  . 
development  path  exactly  as  designed.   Coincident  with  this 
assumption  is  the  assumption  that  only  those  officers  with 
years  of  service  matching  the  tour  position  parameters  are 
available  to  fill  requirements. 

If  a  tour  position  starts  or  ends  in  the  middle  of  a 
specific  year  of  service  the  number  of  officers  available  to 
serve  in  that  tour  position,  with  years  of  service  equal  to 
the  year  in  which  the  tour  starts  (ends) ,  is  equal  to  the 
total  number  of  officers  in  that  year  group  times  the  frac- 
tion of  a  year  spent  in  the  tour  position.   In  reality,  by 
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the  model's  assumption  that  all  officers  follow  the  same 
career  path,  all  officers  in  that  year  group  are  available  to 
serve  in  that  tour,  but  serve  only  for  the  fraction  of  the 
year  that  encompasses  the  tour.   Of  course,  the  value  of  the 
total  officer  supply  available  is  the  same  in  either  case. 

The  mechanics  of  supply  determination  were  outlined  in 
Section  III.B.2.b.   The  underlying  assumption  that  allows  us 
to  choose  only  those  officers  with  a  rank  at  or  above  the 
normal  rank  in  that  tour  position  is  that  due  to  the  straight- 
forward nature  of  the  submarine  professional  development  path 
(i.e.,  qualifications  for  a  tour  are  primarily  dependent  on 
successful  completion  of  the  previous  tour)  each  tour  is 
positioned  at  a  time  in  an  officer's  career  that  is  most 
advantageous  to  the  qualifications  required  for  that  position, 
By  accepting  this  assumption  reorganization  of  tour  positions 
is  made  more  restrictive.   For  example,  the  commanding  offi- 
cer's tour  cannot  be  moved  to  a  time  earlier  than  fifteen 
years  of  service  (see  Appendix  B-1) .   Otherwise  the  model 
would  include  lieutenant  commanders  that  were  not  accepted 
for  promotion  but  are  counted  in  the  inventory.   Similarly, 
a  tour  that  gets  pushed  forward  to  a  later  time  may  pick  up 
inventory  that  would  not  normally  fill  that  tour. 

Each  tour  position  starts  at  the  same  time  in  a  specific 
year  of  service  for  all  ships  in  the  model.   Since  officers' 
year  group  is  linked  to  the  fiscal  year  this  assumes  that 
each  tour  is  renewed  at  the  same  time  each  year.   But  due  to 
ships  schedules  and  different  needs  it  is  not  possible  to 
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make  each  tour  start  and  length  on  every  ship  coincident. 
This  limitation  is  not  considered  too  restrictive  because 
on  the  large  scale  of  all  ships  the  times  will  average  out. 
Also,  this  inaccuracy  is  not  important  to  the  manpower  man- 
ager for  planning  purposes. 

If  two  tours  happen  to  exist  side  by  side  in  the  tour 
position  matrix  and  have  the  same  start  and  length  para- 
meters, the  model  will  determine  the  total  requirements  for 
both  tours  and  will  compare  that  to  the  total  supply  avail- 
able for  the  period  of  the  tours.   However,  the  model  will 
not  account  for  coincident  tours  with  different  start  or 
length  parameters.   The  common  parameters  must  be  determined 
manually  outside  the  model.   One  possible  remedy  to  this 
shortcoming  can  be  found  by  averaging  the  two  unequal  para- 
meters (either  start  or  length)  and  weighting  that  average 
by  the  ratio  of  positions  required  for  each  tour.   An  example 
of  this  calculation  is  contained  in  the  analysis  of  current 
supply  data  Section  IV. B. I.e.  (Changes  XII  and  XIII) . 

The  supply  of  officers  in  the  model  is  obtained  from  an 
outside  activity  (Ref.  14)  and  as  such  is  not  presently 
subject  to  change.   As  will  be  explained  in  the  following 
section  variable  changes  in  the  supply  of  officers  could 
prove  to  be  useful  in  the  analysis.   Officer  stocks  are  fixed 
in  the  variable  SUPPLY  and  can  only  be  adjusted  by  reassign- 
ing values  to  elements  of  the  array  outside  the  program 
function.   Though  this  restraint  limits  the  effects  of  a 
change  in  accession  policy,  the  model  remains  accurate  for 


50 


several  years  of  analysis,  since  these  changes  are  slow  to 
impact  on  the  final  calculation  of  seatour  opportunities. 
Since  little  or  no  lateral  entry  is  assumed  in  manpower  flow 
of  the  officer  corps  a  change  in  accessions  would  not  be  felt 
for  several  years  in  the  later  (and  often  more  critical)  tour 
positions.   It  is  also  anticipated  that  an  updated  version 
of  the  supply  of  officers  will  continue  to  be  made  available 
from  the  same  source  as  before. 

Billets  in  a  tour  position  are  allocated  according  to 
ship  type.   When  requirements  are  determined  the  value  varies 
according  to  the  number  of  ships  per  type  over  the  fiscal 
years  that  are  analyzed.   It  is  assumed  that  the  number  of 
billets  per  ship  type  will  not  vary  over  time.   While  this 
assumption  is  probably  valid,  an  analyst  may  want  to  examine 
the  effect  of  changing  billets  over  time,  such  as  a  ship  with 
new  mission  requirements.   This  can  be  accomplished,  but  it 
requires  the  model  to  run  for  each  new  set  of  circumstances. 
If  the  number  of  years  analyzed  is  large  enough,  the  years 
for  which  the  billet  structure  does  not  apply  can  be  ignored. 

Implicit  with  the  above  assumption  is  the  limitation  on 
the  way  fiscal  years  are  handled.   If  some  information  is 
changed  in  the  model  it  would  be  convenient  to  eliminate 

those  years  that  do  not  apply.   The  model  is  arranged  to 
analyze  only  the  number  of  fiscal  years  desired  but  must 
always  start  with  the  first  year  of  data  supplied,  i.e.,  the 
user  must  enter  the  model  at  the  first  fiscal  year.   From 
that  point  information  can  be  analyzed  for  as  many  years  as 
data  are  available. 
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B.   EXTENSIONS  FOR  INCREASED  SENSITIVITY 

The  limitations  presented  above  are  considered  no  hind- 
rance to  careful  analyses  of  seatour  opportunities  in  the 
submarine  force,  but  improvement  is  always  possible  on  any 
model  to  bring  it  closer  to  reality.   Possible  extensions 
are  suggested  to  remove  some  of  the  limitations  or  refine 
the  assumptions  and  increase  the  model's  usefulness  and 
versatility.   However,  it  must  be  kept  in  mind  that  a  model 
cannot  grow  out  of  bounds  or  it  will  lose  the  purpose  for 
which  it  was  originally  intended. 

There  are  three  types  of  improvements  that  can  be  made 
to  an  interactive  computer  model:   in  the  mechanics  of  the 
program  that  save  computer  and  user  time  and  effort;  by  a 
refinement  of  the  assumptions  to  add  realism;  and  by  provid- 
ing a  broader  scope  to  encompass  a  wider  range  of  problems 
that  enable  the  user  to  find  better  solutions  to  an  inte- 
grated manpower  system. 

With  regards  to  the  mechanics  of  the  SUBTOURS  model  there 
are  always  many  cosmetic  changes  that  can  be  employed  to  suit 
the  user  in  the  way  the  program  displays  and  changes  data, 
or  in  the  quality  control  of  input.   The  model  could  be 
changed  to  accept  any  fiscal  year  as  the  beginning  year  as 
long  as  there  is  data  to  support  it.   A  user  could  then  ex- 
clude years  at  the  beginning  of  the  data  as  well  as  the  end. 
Also,  a  rearrangement  of  branching  sequences  could  allow  the 
user  the  choice  of  correcting  any  mistakes  in  the  input  to 
changes  to  the  tour  position  matrix  or  let  the  program  do 
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it  automatically  as  it  does  now.   The  assignment  of  ranks 
required  for  a  tour  position  could  be  made  more  explicit  so 
that  the  officers  available  would  be  more  precisely  deter- 
mined, rather  than  by  the  normal  promotion  path. 

The  second  type  of  improvement  is  a  refinement  of  the 
assumptions.   The  SUBTOURS  model  assumes  that  all  officers 
enter  a  tour  at  a  specific  time  in  their  years  of  service, 
and  that  they  follow  only  one  path.   This  was  dealt  with  in 
Section  III.B.2.b.  in  Changes  XII  and  XIII  (multiple  career 
paths)  but  it  could  be  refined  even  further.   Both  officer 
assignment  variables  and  officer  supply  fluctuations  (such 
as  changes  in  continuation  rates  due  to  changes  in  tour 
positions)  could  be  written  into  the  program  for  further 
depth  in  analysis.   For  example,  how  will  a  change  in  acces- 
sions help  fill  the  gaps  created  by  new  ship  building  or  a 
billet  structure  change. 

The  third  extension  to  the  model  can  vary  as  widely  as 
there  are  ideas  for  different  alternative  ways  of  managing 
manpower.   The  SUBTOURS  model  looks  only  at  opportunities 
for  assignment  to  sea.   Also  important  are  the  positions 
manned  ashore.   While  billet  information  is  less  tangible 
in  the  shore  area  due  to  the  large  variability  in  jobs  and 
the  qualifications  to  man  them,  the  model  could  be  construct- 
ed to  accept  these  positions  just  the  same  as  a  position  on 
board  a  ship 

Equally  as  feasible  as  adding  shore  billets  the  model  can 
be  adapted  to  be  used  by  all  communities.   This  capability  is 


53 


already  being  formulated  (Ref.  5)  and  will  provide  manpower 
planners  with  consistent  results  between  communities. 

Finally,  one  possible  use  for  a  planning  model  such  as 
this  one  could  be  in  the  training  of  manpower  managers.   Not 
only  can  it  help  the  analyst  understand  his  problem  and  offer 
solutions  to  them,  but  it  would  serve  as  a  basis  for  under- 
standing generally  how  some  manpower  systems  work  and  the 
parameters  that  affect  the  utilization  of  manpower.   Given 
a  problem  and  a  set  of  constraints  to  be  followed  the  student 
can  learn  what  changes  he  can  make  to  solve  the  problem  and 
gain  better  insight  into  the  sensitivity  of  the  parameters 
that  affect  manpower  planning. 
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VI.   CONCLUSIONS  AND  RECOMMENDATIONS 

Traditionally,  the  job  of  manpower  distribution  has  been 
reactive  in  nature.   Only  when  a  shortage  of  personnel  was 
realized  would  action  to  correct  the  problem  be  taken.   Now, 
more  than  ever,  it  is  increasingly  apparent  that  the  manpower 
manager  must  plan  ahead  of  time  to  be  able  to  make  adjustments 
before  a  problem  makes  it  necessary.   Planning  always  involves 
an  element  of  forecasting  the  conditions  that  may  prevail  in 
the  future  and  is  therefore  subject  to  inaccuracies. 

Yet,  with  the  assistance  of  modelling  the  manager  can 
analyze  different  situations  and  prepare  himself/herself  for 
a  change  in  requirements  of  manpower  allocation  before  it 
takes  him/her  by  surprise. 

Of  significant  value  in  modelling  is  the  ability  to 
experiment  with  different  strategies  by  merely  changing  input. 
It  is  not  only  inexpensive  but  less  time  consuming  to  manage 
manpower  in  this  way.   Experimentation  by  fluctuating  the 
flow  of  actual  manpower  resources  to  billet  positions  and 
observing  the  results  can  be  frustrating  and  inconclusive. 
An  analysis  of  the  results  of  the  model  can  indicate  trends 
in  manpower  flows  and  stocks.   The  results  can  also  be  used 
to  prompt  corrections  to  eminent  decisions  based  on  new 
information  that  crops  up  during  planning. 

The  SUBTOURS  model  computer  program  shows  how  an  inter- 
active system  can  be  designed  for  integration  into  the  man- 
power planning  process.   The  program  was  constructed  with 
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the  objective  of  automating  a  portion  of  the  calculations  that 
would  require  tedious  repetition  of  arithmetic  computations 
if  otherwise  performed  manually.   When  the  data  from  each 
ship,  billet  and  tour  position  are  combined  to  represent  the 
force  structure,  the  volume  of  information  is  prohibitive  to 
performing  the  type  of  calculations  that  the  model  can  easily 
accommodate.   Thus,  analysis  that  would  otherwise  be  ignored 
due  to  its  immensely  time  consuming  nature,  can  be  considered 
for  its  value  in  assisting  the  planning  of  manpower  allocations 

In  addition  to  the  model  mechanics  a  brief  analysis  of 
current  submarine  officer  data  was  explored  in  order  to  show 
ways  in  which  the  model  can  be  used  as  a  planning  tool.   The 
accuracy  of  the  model  depends  on  the  input  information,  but 
projections  into  the  future  are  often,  at  best,  estimates  of 
what  will  eventually  occur.   In  general,  the  results  of  the 
calculations  must  be  read  with  the  knowledge  that  the  figures 
are  primarily  useful  as  indications  of  a  trend  and  should  not 
be  viewed  as  precise  predictions  about  the  future. 

As  in  any  area  of  research  the  SUBTOURS  model  cannot 
begin  to  cover  all  aspects  of  manpower  distribution  planning. 
It  is  entirely  possible  that  there  still  exist  some  inaccura- 
cies in  the  model's  ability  to  manipulate  the  data  that  were 
explored  in  this  thesis  and  the  model  does  not  pretend  to 
present  a  comprehensive  plan  of  the  submarine  officers'  pro- 
fessional development  path.   However,  with  the  demonstration 
that  the  model  does  approximate  realistic  situations  as  cur- 
rently evidenced  in  the  submarine  force  (Section  IV. B.)  it  is 
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recommended  that  the  ideas  basic  to  the  model  be  investigated 
further  for  future  application  to  manpower  management  prob- 
lems. 

Specifically  it  is  recommended  that  investigation  concen- 
trate on  the  following  areas: 

1.  The  reliability  of  the  model  to  predict  with  reason- 
able accuracy  the  projected  manpower  strengths  in  seatour 
positions. 

2.  Integration  of  shore  duty  billets  in  the  model  will 
provide  a  more  complete  and  accurate  picture  of  the  require- 
ments for  manpower  distribution. 

3.  Some  of  the  methodology  of  the  submarine  model  is 
likely  to  be  valuable  in  other  officer  communities. 

4.  The  ability  to  analyze  multiple  career  paths  will 
refine  the  sensitivity  of  the  model  to  changes  in  manpower 
distribution  policy. 

5.  An  option  of  changing  the  stock  of  officers  to  account 
for  changes  in  continuation  rates  of  officers  due  to  adjust- 
ments in  tour  length,  increases  in  accession  rates,  or  changes 
in  the  environment  of  the  community  would  enhance  the  realism 
of  the  model  and  offer  the  analyst  another  parameter  with 
which  he  can  experiment  to  determine  the  most  feasible  solu- 
tion to  his  problem. 

Unquestionably,  the  Navy  must  be  equipped  with  advanced 
tools  to  assist  in  the  planning  of  manpower  distribution  if 
it  is  to  make  effective  use  of  the  manpower  resources  that 
are  available.   The  tools  cannot  be  so  sophisticated  that 
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managers  are  reluctant  to  use  them,  but  they  must  be  compre- 
hensive enough  to  provide  information  that  is  useful  but  un- 
available from  another  source.   Manpower  resources  differ  from 
hardware  resources  in  that  hardware  if  used  ineffectively  will 
still  remain  part  of  the  Navy ' a  assets,  though  with  limited 
productivity.   Manpower  resources  have  a  tendency  to  leave 
the  system  if  not  assigned  productively. 
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APPENDIX  A  -  FLOW  CHART 
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APPENDIX  B-1 
NUCLEAR  SUBMARINE  OFFICERS  NORMAL 
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APPENDIX  B-2 
NUCLEAR  SUBMARINE  OFFICERS  ALTERNATIVE 
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APPENDIX  C 
STRATEGIC  WEAPONS  SYSTEMS  OFFICER  NORMAL 
SUBMARINE  SEATOUR  POSITIONS 
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APPENDIX  D 
A  TYPICAL  COMPUTER  TERMINAL  SESSION 
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NORMAL  SEATOUR  OPPORTUNITIES  FOR 
NUCLEAR  SUBMARINE  OFFICERS 
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CURRENT  DATA  OF  THE  NUCLEAR  SUBMARINE 
OFFICER  COMMUNITY 
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CURRENT   DATA    (NUCLEAR)     CONT . 
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*          »   tH  % 

*<  O  Co      tfOOOOO'H*^*-!*-)^ 

*  »: 

,w  *  "^ 

"»«  I         ta 

m  eo  Q  >,  k^ 

•  •  ij  ft 

^  6a  11.  tc        cc 

^  CD  •-< 

ft:        .to       E-i 

••  %  ii^  •«]  r4C4<NcsCMCMOoooo 

CM  Irt    CM  to  CO  1^ 

*  6i  >-i  i-i 

^  C«J  •^  BCJ 

•  •  !^  "OH 

>H  o  CM  E-i  •  Q 

"^  CM 

^  •    fe<  to 

to  O  % 

na  o;  o«co«oo;oinr)^ioo 

Qs  a:  ft;  fttt;  i-sor>o»Ha-fMirtu9c»p»oo 

4:^*  .y  toon*ocaia3Cototototo 

a6iCc  >>i  ^=Sp>  otowjcotococotofototo 

%         to  "J  '^  I    %  Q, 

'J  to 


ICO 


CURRENT    DATA    (SWS)     CONT . 


oo>o)or»iocno>rtC>4ooiopj«or>o«-i«-ioio*r»aio>o>Ort<noc>4 


m  off>o>ot^i/>«t«-inooa-.*oor»*io*Ofn<Nrf»o<ao»*»-«iooi/>«-i 

00  i/)(0»irt;TS't»nir>mctTtrtme^        c*  m  ^  cm  m        «h        «-i»ie<« 

»-« 

^  ocf>o>op»«oooj<»)rtOOtnocNe:^d"*o»oi/>vo*ooio*o>««>c<i 

CD  inin^ie>a'CHeHm^<ne^c*:t       co       cNa'CMCNcs»-it-i«-i»-t«-t>M 

o> 

I 

>>i  o  off>a>or>p-u»i/>*oooop-ot^*mr*''>iot»-CMOocMOOiOio<o*e<i 

ij  00  i/>(aa-mcN<Mi/ia-tn<MC4.*       eNt*>       mcNCj       cMC^(<Nc^Je>lO^•^ 

CV.  ^  ^ 

to  H 
•  to  CM  oo>o»»*«Hi/>r»ffir»a>otoc^ioeoaiioo^cMi»-r»ooo>oii/J3o8*eM 

to  -^ 

kj^  ^  oa>rtm(no>oociJOo»-io>t~uipi<i/ic^ocoj-.HP>tow**voo>i/»co 

•»(  to  a> 

•CJ 
<N 

il^  O  oc^*iOP»CMt^paoiuiao»-<a>irtoocNiffiuio>CM'Hp«.oi»oai>/)P>«-«*^ 

too  «  i/>c^c><p»i03-rt*r»        ena-»-i{Mi/>  «-ics(3-CM<nmrteMC>««-t«H*< 

<  %  t> 

to  to  »-< 

O,^  a:^»Hc<irt*io^or*ao<j>o>-tc<<^a'>'>ior>-aoff>o«-icv((»ja-iovor»ooo>0 

a:  »,  ..  hj  to 

to  6^  Q  H  to 
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CHANGE  IV  RESULTS 
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CO 
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> 
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oa 
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H 
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^^ 

6^ 
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102 


CHANGE    IV 
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Co 

bl 
k] 

Eg 

I  a*  to 
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Q: 
to  >-i  a 
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■>t  N  CJ 
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b}a 


a: 
b; 

%  •• 

b]a 


0 
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« 

CO 

10 

0 
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C 

(Q 
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to 

(0 

1 

(D 

r» 

p» 
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0 

0 
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0 

«0 

a; 
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«0 

t4 
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* 

c» 

a: 
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lA 
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(O 
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5> 
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5> 

En 

a> 

Q 
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tj 
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% 

&« 
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e 
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to 
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CO 

«o 

(O 

t» 

p» 

tn 
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* 
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CO 
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CO 
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CO 
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CO 
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lA 
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CO 
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Q  b] 
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CO 

OD 
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CO 

60  to 

a:  CO 

Q; 

:::> 

En 

:k 

5» 

=s 

0 

*  bj    - 

b] 

0 

Co 

En 

bi  iQ  a 

* 

En 
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COMPUTER  PROGRAM 


hi 

a; 

El 
^  to  - 

^  to 

Ci  % 

><            o  to  i 

—  ^  to  -                 33  - 

tt:           to  tj  ha            CO  a; 

0;            a:  »       h4               E-)          • 

M  a>a;         »at«0's:Q;» 

Ba           %Q:  Ei«      s:        bitjCdccto^a;:^ 

*Q                             %»<  ta                                     *-i::kai>-,^toH6^ 

••                                 <Vi  >:               ft:               »E-ia;s:c«.c«3Q;:k 

CO                          ors  a.              o              c«[>:e->i«.%co              % 

••                          ©to  cao                  oa,cooo.iotj 

0;                                  6^  •j««jtoi~iH*>i6-ia;'^ 

••                                               Q  CCa.b3                      ^3:Ct.^,Q;HCOt>}aa 

••                                 O  tcto-6^                  EC                  %(»,tot<Ha; 

asl                            fe-BQ  .            eiCx,toK,               toa;to=st5               *,&, 

Cj  Q;*:-                     iaQ:e-ift;t-3Coa.H 

*»                          to«5  loocaa;              %a4^a;atjH          o:» 

••                              ccft^  ■^tjHE^                NCcooa: 

H                                    Mto  %6-ia:                        Q;&Ma,E,E..Co*C4 

—  %o  tocjtfeO,          -H&«%          toQ;'^          fe.'^ 

Q                                  ■&>  tOH6-iCiQ:E-t'50;M:Sk                    H 

>••                           &<  tcft^to               ^a::s»cc,               >,tj 

i-i«j                             a:to  («.tkj%ii:kiC5CjSi<Q               tjijo 

□       ••                            OH  OQH55           >^s-.'?:%6-(0^a:           %co 

t-iS)                             (V,a:  cc               o                    U3^'5:6-.H6i<3to 

to—                                     0*6^  a,C«C«36-.-a;Q;Q;I«3                                           ^ 

0:60                             o  a;a;'?:t«;->.o:cocitjcaci 

atj                                 *N  t«H6-t«j:E^a,ioo:           tc-><s:-&a»< 

tSH                             o;»-«N  5:0:           uj'j:               i«,tacc*ta5j:t,6,% 

&<o                           ^          -^  e^-^cjjtrjciCctoa.ajtatot.ja;'?'*: 

na*                             o^— »  *:£«)               a,e:to           t,HH'-3«o>jQ; 

5»tj                                    6-16-1O  CuOQtr,  CoC«,>i5>E-.to              cos^cjoazSa 

to—                                        ■^'^Q.  9*                      O^j                U3C56-iCiSsO;l*,CoQ;'CCototj'-3 

^j                             to           >>.|  a               to           E-i"s:cos^^^to               to-^to'^a: 

^                          tocjt3i-i  n                coa:a:5)ita           toa;"*,ti^ft;c«:                O 

ft:                        totcafM  w               s«..E-itotjtotrii-iCt.a>-iHi-(0;o:to% 

Bl                                   ^E<iOi— I  t_l                     1^               l^>^                O.O^SiO'JU]               Ecdt-l 

••                          >^O.to;ftQ;  <^                    '^fc.i'^-vHOQ'              'STOaCcsCiCS               &0 

0;                      ijQ.fa:Ca^  ^                 %C>            tod-a:t3Cfc,^^>-<^eia>i5: 

^                  a,'-.:^            •  Q          BQ              •"j:          5>wto^a:o          o.Ha>          i-je^ 

toto          a.ri<3>E,.«-»  (ft           a                           os-o:          o               t«jcae-iL«3CcQ. 

>i       a.           =5*£»3C5       ^  ♦fc^w               0:           >,'>:5>       ci.>~t6^>^       a:           :3toa:       a.ta 

i~,              tOi-JO:^          Q.  kj         H                     o                    0:0         OE~iCuiO         E^CcE-.>JH6^         5SS* 

to       a:       to  E-i  o:                v,|<— 11— 1  »so.r-i  i*.           ocit*.           h'^Oi           tj:*^               too 

0;       to       6-«a_jt«3to      >-»rtcxia.»HC*  CiO             'tovja.       jNitaUjjkQsa:           aj 

Ci       nq:<i-*c>4'«j:            |^N.-.csitoa<-N  cu                0.(4       ^cv,Pato       KjarHtocii-i       f« 

fri      N^kjNi— ia:cc      NNCi      E-i^^  c»          to      to                           ^tjtja:6-ia:      oa: 

OQ        ..  ohnO:       o;       e>3N03>vQ.  %K  Q^oQ  %toa                            S:^«>HO 

to  o  o;  +   +  w  s^id  a:       to  >^  w  i_  »i  a:|w  to       a  ia:&<                            Cia:Ot».a:s^^.e-i 
to                           a, 

r-ir-ii—ir-ir-immi— ir— iO'-«CMcn*i«ior«-ooa>0»HC>4(»5jrvnifir»ooff)Ot-tCN«^i/>iap»aoo>0 
•^C>»CO*l/)U>C*00O»»H»-<«-l»Ht-trt-1»-t«H»HCMCSeNCMC»fXC>4CNC>4{Nr5P5<n(Ot^W<»>(»jra«* 


104 


b] 

&< 

n: 

•-3 

. 

=5 

«J 

> 

•O 

- 

^ 

O 

% 

^5 

a: 

y 

• 

«) 

a: 

ta 

&• 

a: 

m 

»« 

ft 

H 

a,- 

Vl 

H 

O 

> 

>^ 

•^ 

* 

b 

ft 

b]  i^ 

^ 

m 

a; 

or 

ft 

«0 

*  S-i 

0- 

bj 

:a 

a 

b] 

a: 

fri  Cj 

to 

ti 

o 

^ 

a 

Bo 

b: 

H 

ft 

Eh 

« 

^ 

«J 

E^  0: 

CI 

"5: 

t 

». 

<*^ 

•»« 

bj  H 

ft 

b] 

E^ 

>H 

c«. 

^  CJ 

to 

to 

% 

•O 

«»<  - 

gq 

a. 

o  to 

a:  to 

• 

ft 

a. 

a: 

O  b] 

""C 

ft 

to  =s 

•  >~i 

b] 

<-• 

% 

to 

b]  C) 

•<»:  e^ 

a. 

•>J 

ft: 

a 

=4  t< 

E-l   k-l 

>H 

a. 

^ 

a 

:3 

•^   ft 

Eh 

*^ 

a« 

H 

•-4  ;« 

Ci  =s 

Q 

« 

> 

ti  H 

El 

to- 

i 

ba 

*-* 

(— 1 

*  •^ 

bj  a: 

ft  as 

Co 

la 

* 

»H 

H  6^ 

a:  O 

55  as  tj 

■^ 

^** 

* 

tt: 

E^  O. 

O  C5 

H 

*  ■ 

•^ 

a 

C4  b] 

a. 

Eh  Eh  «a 

^ 

T 

W 

UJ 

b]  tj 

a:  Q 

^ 

ft 

to 

a. 

a 

A 

to 

vi 

b] 

H?  b3  to 

6c 

H 

a 

a; 

Q; 

"«c  a: 

e-.  a; 

bj  to 

a 

ti 

ft 

CM   H 

B; 

a> 

<1  o 

-3  =» 

tOCj 

ft 

to 

S3   CM 

X    O 

o 

a.  t*. 

•^  ta 

Co 

^ 

m 

^ 

♦• 

aw 

ft  o 

e^ 

to 

•  E>i 

ft.ts 

•^ 

ft 

^^ 

^s      • 

a;  »H 

BQ 

►■H  ca 

"^ 

t5 

ti  ft 

r- 

a 

tj 

'-1 

•      *-V 

•♦•  * 

5> 

Q  ba 

Eh  t 

ft 

^ 

*^ 

• 

ev.  N 

*-N   ^\ 

CO 

a: 

^  b: 

H 

ft  ft 

♦ 

• 

•4 

^"^ 

-IC  N 

rH  O 

> 

»-i  H 

Q  to 

a. 

tacj 

b] 

». 

•J 

r-i 

Eh  a 

A    O 

>o  ::a 

>H 

« 

•^   >H    tj 

^5 

^ 

v4 

^  a 

ft    -H 

a.  or 

b3  b] 

Eh 

ft 

Eh  •^ 

H 

Eh 

i«i 

Q  H 

ft    K 

a.  tti 

ft  ft 

H 

T  i~J 

O 

•^ 

Eh 

*«^ 

c* 

I     ft 

2s  a; 

Eh  Eh 

>H 

a. 

•o  a.  ft 

C3 

ft 

to 

>H«^ftl 

wft 

to 

03 

>H 

5>  to  Cj 

* 

^ 

a. 

*        *    -          . 

*    + 

% 

>i 

Eh 

tj  H 

II 

E-i 

>H 

:k 

H 

'5'^     -ftl 

♦  m 

ij  "s: 

^ 

t 

■-3  C> 

• 

5s 

ft 

1—1 

^ 

O  O    - 

ft 

»3 

•^    • 

^  a: 

■-J 

Eh 

>H 

»?  - 

< 

a. 

^5 

2s  w 

to 

>H    ft    -►     + 

ft 

♦  1       O 

&s  &« 

O. 

•^ 

to 

«j   a 

ft  ft 

* 

O  UJ 

a 

H?  a  ^     . 

^3 

X 

*  -u 

C5 

to 

C3 

tj  H 

•O 

ft 

>H  ■«-» 

^-^ 

•o   ai      • 

>H 

tj 

X 

»->■  -^ 

El  a: 

•-H 

^ 

Eh  r- 

• 

O  b] 

to 

^^ 

a,    K     1    -. 

ft 

X 

« 

^  ♦ 

b: 

-   Ci 

*H 

Eh 

^ 

^ 

Eh 

n 

Eh 

ts  a. 

^^ 

•«5 

to  CM      •r-i 

CI 

• 

ft 

VI    ft 

•  rk 

^C 

^ 

b}  n 

ft  to 

>o 

>H 

•O 

Ci  H 

• 

^ 

H  w   o     .•  o 

o 

Eh 

♦ 

ft  ft  ft 

a;  o 

^ft 

vj 

CJ 

a: 

ft 

b3 

• 

^5 

T 

-  ft 

N 

Q 

♦ 

Q     +    ^   rt    A 

A 

ft 

^^ 

X 

ft  II 

b]  bj 

ft  -^ 

a. 

H  + 

• 

ft 

o* 

•O 

ft 

to  to 

ft 

CO 

-     Co  C3  L_i  Q  ft 

ft 

•<c 

^-^ 

X    O 

^ 

<5  tj 

to 

a: 

O  a: 

* 

ft 

•-3 

a. 

b3 

to  a 

+ 

+ 

Eh 

b. 

■*»  ft  C3    X 

X 

ft  :». 

't 

■3 

^3 

ft  ♦ 

b]  :« 

H 

»-H 

b3 

to 

03  O 

Vw 

to 

to 

Eh 

ft  ^ 

to  to  tc 

kO 

to   >   "K  ft  Q 

ft 

ft  » 

II 

J 

ft  ft 

:*  ft 

Eh  :s 

=3 

Eh 

ft  ft 

^ 

to 

ft 

H 

ft 

•O 

"^   ' 

a,  tt;  vo 

•  * 

ft  w    ♦      1    _l 

— 1 

Cl  H 

>^ 

^ 

^ 

wft 

o  -s: 

a.  o 

• 

•>3 

o  •^ 

+ 

ft 

o   ♦ 

C3 

•^  -a- 

'5: 

I    »h|i-h  5> 

"-3 

Eh 

•^    i    ^^  ^ 

rt 

^ 

+ 

+^ 

X 

* 

*  * 

4:  a:  b.  O  s>i       b. 

•• 

"^ 

ti4    ft 

^^ 

H 

b.  .-3    .. 

>-'  kO 

•• 

■^   + 

ft 

C>  '-I  H 

w.      ..     ♦       +       + 

+ 

ft 

>< 

4 

ft    ft     ft    b4 

•    -    •>) 

-  -  .  »o 

O 

-    03 

t 

"-3     +     -H 

CM 

t    t 

en 

t     "-H   to 

Eh  ft 

2> 

+    a-  C3  ft  C3 

ft 

ft  ><  ft 

1-3  ft  ft  ft  1-3 

•>3 

oj 

M 

•J 

or 

•O 

.-icMcna-ioiOc-  ooo»o«-icMcnrfi/>iflr»oooio»^CM«^jf>'>«>r>- 


ooo>0'-"CM<oa'ir>>ap»ooo»o 


105 


as 

BaGa 

%(d 

^^ 

^  '-« 

«>:  a: 

%;»                     0:  e^ 
•^  o      -                  .0: 

1-1                                                                               ft.              kj                    CO  E-«         ■                 • 

rt                                                            o  ba       vj                -  CO                    >< 

oo                                                                   cj       '^                 a  a           »        •»« 

!->%><         tj  &<         &<                     ^  -                H         tt 

CO  %  ><%aso;  •coft;'^ 

Q;                         •                        •      ^  t«3      Q               CO  a          Et      a: 

a>                        -^                        *-»      a:  Cj       as               -'  *           ^ 

o      »                CO                       CO      tj  Q;      «o              ^  H          5:      % 

(oa:v,|a              >,|acot4.n:v,|6-i  %          %h»<x 

cocj-»-»H                -f^-ib]!                 +.(*,  Co           HCjttja: 

^HO:*               Q:*Cj           coc»;<  tiCcE^ti 

ft,         ^         Co                    •^         Co         H  6^         to         ^C  O        '-^  H         "^         'C        "5 

♦         >-        "J         -f         w        ci  E^         k^         +           .  5;           .0,         Q.         e-i         !H 

Q;^E^DQ»^e^            55%»HO  co«                      ceij 

ct^w^i^wc*.        EiN^ft.  :k    •=:>   H   <]   <^ 

e-i       •*<   6^        6-.  U   Q:   6-1   E  e^  O   :b   H   5> 

Co   5:   -   «^   5:   -   :» ^   o   5:   '^  sj   to  6.<   co   oq   co 

ei   Cl,   o   :^   ct.   o   a,  cj   i^   c«4   C  O    • 

%      -^   ■s:      ^   EiH   a.      ^  *-•   "^  =s   %   %   :% 

a:ocMCooexcjto                o^^  q*^ 

c>3       ■^       r-t      o;       ^       ^           a:a:-HE  <a       "^  ft:       a;       o;      et; 

0;       H         •       Co       fc.,         .       ij  fr,       2»       1-^       «:  »         Co  <a       o       cs       o 

•»(       cM-o»       cj       c*  m   (f,       •»?%       Q       CM-cs  t*       a:      a:      a; 

23       «Ha:K|      H       'ia;H       Sr^o       6-i       »Hft:»^  co       -a;       c»;       a;      o: 

cir         •::3     •       b.         •  =»     •       ce  O;       ^          .s>    •  %       O;  Co       co       bj       bj 

CO         ><Om         ft.         S<Ort         O^         ft}         s^Qco  rt^         O-          •• 

ft;»   o4e.,K|t«.!3-   cNE-«t»ift4:%a.ft.co-   tNE.,>-.(ft.f--..oa:"0-o-0" 
»-.»-«j»»--.kj.-ij--»--wj'-sfta;^t«Nt«t* 

Co  Co  h3  hj  to 

r-imi— ir-ii— If— ir-imr-immi— imr— II— immr-ii— lO  -h  cm  m   #  in  u3  P»  oo  o»  O  »h  cn 
»-tCNn3'''>»D(~-000>O«-4CMfn*l/il0C»-00aiOOOOOOOOOO»1»1*H 

QO  00  00  00  00  00  00  CO  00  CT  O^  C^  C^  OT  O^  O^  O^  0>  C)  ^^  tH  .^  t^  *^  ."4  «H  *^  *H  vH   w^   ^  *^ 


>i 

H 

as 

1.^ 

o 

tk, 

E^ 

o 

^ 

at 

eo 

•»> 

Co 

i-j 

:k 

«H 

a. 

% 

CM 

a 

-< 

H 

to 

> 

if> 

•^ 

U             .H 

♦ 

.• 

X 

a.      CD 

• 

2s  >, 

♦ 

CO  -3   * 

r-i 

•«a. 

•• 

ta  0.  <N 

•-H  a^ 

oj  a> 

ujO 

Co    V 

05  C3 

>1    -4-        . 

Q   kj 

Q;  '-^  • 

*    a 

O  >^|r-i 

ft 

r-i  .^N 

6,     •  -. 

a 

••  *^ 

s:  :aM 

^>. 

H  ♦ 

b3      »^-l 

»-.l 

uj  H 

U   (A  Ci 

• 

X   ♦ 

a:  w  aj  CO 

X  H 

H  +  ^ 

^••^ 

••  Al 

+   0-   ♦ 

♦     •H 

O.  to 

X  =>   ♦ 

><     ♦ 

Ow  o 

><CoS»><>-H<3t    f 

»3 

» 

1— 1  r— 1 

t-t   CM 
l_l  l_l 

r-t  r-i 
<n  It 

1— »  r-i  1— 1 
(/)  to  («• 

1  1— 1  u^  U.I 

106 


»:          a: 

bq  -   -  6a 

&i  w  «  E-i 

- 

%          % 

cu  cc  Q:  b] 

b]  bj 

ti  &• 

%  % 

Bd  Ga 

•- 

49 

C2 

H 

^ 

OS 

Co 

CO 

.0             5 

a: 

'^      a:  bq 

bJ         =>  % 

>^       cs  •>-• 

6^^. 

*-      Q;  >^ 

» 

>-* 

>>,|b3  b:  CQ 

• 

>1 

••«j  Oi 

-J 

-    M         CO 

m 

a. 

:^  b3  o; 

* 

a. 

Q;  ft:  a.  ■^ 

1 

:& 

O  bl  »^  b) 

V, 

CO 

b.  to  6^  >i 

•-a  - 
a,  Ci 

0^ 

„ 

^•* 

&I 

b3  b,  a.  - 

a.  b3 

N 

a; 

^i^ 

•^ 

^^ 

1— 1 

a 

a-  o  H  •• 
>^      as  »«i| 

6,  CO  CO    - 

ft: 

5>  oe 

CO  H 
•  CO 

• 

a: 

Cm 
CS 

?"^ 

h]  CO 

CO 

Co 

E^ 

^ 
^ 

•     ca 

5'   S; 

>^ 

a.  •'j:  a: 

1  Id 

v4 

o. 

i-J    <• 

% 

% 

•           &4 

•^ 

H  b3  Co  6^ 

CO 

A 

*^ 

^^ 

b] 

b. 

o. 

• 

'-»       a 

vj 

a:  >,  «»:  >< 

&•  »1 

a. 

tH 

ft:  &• 

% 

^^ 

3:1     ^ 

ft. 

to       b:  Co 

bj  0? 

to-» 

• 

:a  * 

b] 

* 

«-l 

to 

«o 

O       % 

^  >^ 

N  ^\ 

Q: 

Ci  b. 

ft: 

lO 

• 

Cj 

^ 

a      cs. 

H 

a:  s^  a; 

>j  a. 

Ci    - 

&i 

H- 

H 

a: 

►  1 

>-l 

'-»       ^ 

Q 

b)       on; 

K|  to 

-•  ♦ 

^■^ 

» 

&> 

O 

*  , 

rt       Es 

» 

a.  ft;  b,  o 

a>  H 

K  ft: 

N^ 

E-i  P* 

**^ 

car 

CM 

^ 

f  ; 

♦ 

•        ^5 

^     fc. 

•  ea 

(-1  •»: 

&i 

ft:  H 

cs 

bi 

• 

<w> 

i: 

ft; 

%l       C3 

to  i   CO 

<N 

□ 

a.  b] 

% 

•«5  o 

BQ 

a: 

* 

El 

c:i  t 

O, 

a.      E^  to 

1    h. 

• 

to  >^ 

b. 

6^  -i 

^^ 

H 

% 

f'4 

bJ 

"Z         b3 

to 

H  «o  a:  ft: 

to  O 

i 

H   ♦ 

CO     . 

E^ 

E^ 

• 

b. 

Ci 

S-. 

-'      ft; 

H 

%  ft:  b]  b) 

0; 

a. 

m. 

O  ^ 

* 

m 

a: 

b] 

B 

♦ 

El       o 

Ci 

to  =s  s:  Co 

a>  ft;  to 

^ 

1— II 

10 

ft:  H 

b. 

•>j 

to 

* 

CO 

»H 

%      % 

•  * 

O  bj  k-t 

Q  b: 

►-I 

o 

5> 

^^  ^ 

»-1 

s>    • 

>J 

*: 

(0 

ft:i 

ft. 

Cj 

b.  ti  ft:  b. 

E^  «3 

ea 

V] 

a. 

m  El 

C>4 

OB 

« 

H 

'O 

H 

"^ 

^^ 

>^ 

O         H  b. 

•5: 

as: 

•O  5: 

»-* 

E-,  Q; 

«-t 

« 

H 

CM 

b:  E-i 

■^ 

« 

b.  a  ci 

^  =s 

•^ 

H 

•b. 

A 

-   bj 

• 

E-i 

t^ 

^>l 

?: 

<o       M 

•• 

%  <a  o 

1  % 

»^ 

* 

CM 

am 

p» 

• 

H 

• 

m 

b4 

H      a. 

o 

O         b3  b4 

to 

* 

•M 

E^ 

>J   - 

»: 

b. 

^-* 

to 

a 

O  b,  to 

y 

►-I  %  ft;  o 

a.  b]  a. 

II 

Co 

•  (0 

r.  * 

■^  t> 

CQ 

O 

%  - 

C5 

10 

% 

» 

^  Kj  H 

6^  Q 

H  a,  to 

04    b3 

»-•  H 

^  O 

-^  5: 

•1 

a 

o 

a. 

»? 

O 

oo 

(0 

.  ..  CJ 

>^ 

Co  H  E-i  >i 

ft:  >-i  •-< 

to 

a; 

U  o 

•  1^ 

»H 

^^ 

H  - 

• 

H 

H 

o  %  - 

•^ 

«-i 

b:  &^  b3  lo 

to  6^  Ci 

H 

ft:  >< 

•  »-i 

CM   to 

CM  ft; 

• 

«H 

to  e>. 

ft; 

CM 

to 

CM 

O 

^  o 

Kj 

■-3 

•^i  t~t  ""J  a. 

a. 

»  * 

•• 

Ck 

O  Co 

«-i       • 

><    k-l 

Ss 

a. 

II 

H  o 

::» 

><   H 

v^ 

N  H  CO 

0, 

a 

Ci  to  sa  a, 

►-I 

•«  *• 

:x; 

^» 

Co  bj 

^  >< 

•Co 

+    O 

»H  5: 

o 

Co    CM 

o 

to 

i 

• 

•  to  % 

to  Q 

ft;  o  •-<  a 

a«:  bj  a,  tj 

> 

as  ft: 

t   a- 

S-  b3  -"CIE^ 

^  CO 

C3 

b3  ^ 

E-i 

» 

t«J  Co  >< 

**-!'»: 

HCiC«,ci,a,(Qcoi*.toa,»-tt«3'*< 

s^ 

H  c^ 

•••-•- 

>~i  ca 

..  E3- 

•^  ♦ 

■^  b. 

d     " 

b,E]- 

H 

Q 

.. 

00 

H  Co  w 

c» 

t 

kj »  .  -  .  ij 

+ 

s>i  ^  a:  >-3 

t 

-    + 

o  »   » 

-   t 

^  •    " 

-    ■^It  -J 

t   fx 

<3  •     - 

* 

t 

CO 

-    Co 

-    bj   ♦ 

fr 

6^  CO  Co 

vj 

•-J 

•-3 

•-3 

Ci 

i—i 

i~» »—»  rn  m  m  m 

ri 

f-1  o 

"I   CM 

f—l 

r—i  1—7 

r— 1 »— 1  f— 1 
lO   C^  oo 

t  m  r— 1 

o»  o 

I—I  f— 1  r— 1 
r^   CM    « 

1  m  ri 

1—1  I—I 

r— (  (—1 1 
O   ffl 

— 1  1— »  1— 1 
O    ^    CM 

1  f— 1 

CO 

I—I 

3- 

I—I 

1—1  r— 1 

10  r» 

m  1— 1  r-1 
00  o>  O 

CM  CO  a-  m  10  p> 
i_i  1.^  i_i  i_i  i_i  i_i 

00 

I—I 

l_l  l_« 

tH    •^    ^H 

I—I  l_i  l_i 

•-I   CM 
1  l_l  I—I 

CM    CM    CM 

Li^  I—I  1— J 

CM   CM 

il— li— 1 

CM   CM 

I—I  I—I 

CN  CM 
I—I  I—I  1 

CO  ro  c*) 

— 1  i_i  1^ 

CO 

1   Umt  I 

CO 

W  J 

CO   (O 

I—I  l_l 

CO   CO   » 

i-j  1— 1  t_j 

107 


a: 

Ed 


to 

a:  - 
as  Ea 
cs      ca 

b]       a: 

(<>         EC 

c»      a: 
.......  ca 

a:Q;ft:a;Q:Q;a;  «oa,Q: 

Ct:c<:Cob:c>jc«i4i  0:^=3 

b]CtiC<3b]C4C4b]  &« 

•«t  <a  aj  6^ 

E-i  Q  •  a: 

^  ^  «o  «0  ••  te 

C;  I    El  Q  CO  &1 

ba  b]  o  b]  %  H  % 

«i      a,  %      ci  wi  o  63 

*»HO*:^vja,  i<  a 

Ci  6-ia:tO056;  C;£a  - 

%a.co)-^Eo<j%iQ:  &^fia  ». 

"ict-^tatoaiOjoa;  "^ti  ^ 

^  a:  H  >,  %  a:  4 

&->-i:^«oa:a,ti«oo;&t  -  ocj 

%C):ftQa:ia,o:B  «--i  E-.h)  ft; 

C0C0Ok-tO6-i«0  t-tti  >-i  >-hPQ%  :«  O 

%      a.  t~i  6-1  >~i  Q  q:  i_i  to  o  o  % 

toa:HCo>-iO30Qa;  ooaaj  a-  s,  &,to  ajoj  a$ 

5:      «o  «o  o  to  to  61      aj  >j  ►><  6a  M  ha 

oa.ototo'-^  ito*  .  asQ;tj  «<j  e^ 

><«ao:a>jkj  "jikin  a,irt  ra^o,  ^o, 

•-HOC5E-.c»'-i>MCri  051-ia:.  s-o  E-.  ^C*  ftrSa  to 

to:*E^E-t«a3ft:  a.aa6s  +  oN        •  ^  •►-^e-i  5j«h6^  % 

i  'CHisio  CM  fcjft:*  0+  «?: 

toEubjcoccCdCt)  a:u^a:  —  a      &-■•.}  cc  :aE-i%E-iu  E-.E>i%E-ie-i  w 

&i       a;       t3ti%E^C3ta=s  to       to-«--^       Cj         •      :^  e;<-^       o  — as^j       i*       cia:       —00       a:       to%»Jf 

••      'C       %:%       t«3%%Ci  I        tit-iu>otd       -*       o  =2  E-.-«-^,ca       Cj       Cioa:-«-b,t^       tj       arCiCg.. 

9-1  ^•^Qi-3'^'5:s»i  ^       ^+-Q.a:       kjc^H  c^xi  .-laa:       o:       ^nco^aa;       <-j       Cj^c^:^ 

••      60       asarocca-a:  .        trt>Hii-^a;a<.a:to  '^       ar+^c:      Si      cfetoE-i  +  ^Q:      »o       •jtocso 

0;       a;       tjtj^ci^jO*       fti"      .••>^ooto'Htjk-i  as^jt^c-E^coo       o       a»-iS:Eitoo       H       "-JHSji-i 

E-i        a:        OOOOOOa;        Vlj        a,tj>>^:sa;t'-s'»1^0^"^0E-.a:.-i"  THe-.Cc.OE-.a:t^"<n«3<«5tiH 

>-Jl*.S-ll*.e-l6^&<6-l6^E-.-iC«4tO&-.  H.*3^wK|to    "SlCa    ..   Sm»~1'-"Cuw^>-,i«3:;.»3    ..   Q     ..  v^w^'-J^'J    "Cl     "Ij 

•^ij.<i-.---.-ijta:-^a:tt-    totot^-a-i-    tt-    fSjtcMtwft-    fcjl^firtto 

EotO^O  •>}  '-)  >-3  Ck.Lji.4  E««kat^Q 

>■  » 

i-^rnr—ir-i(-nr-ir-ii— ir-io«HCNm.3'uOiD[«>0001C»HCMrtJ-iO;DP»00CriOrHCVlf03-ult0r^00ff>O»-ip<«<n*i/><Ot^ 


108 


£S 

- 

>>l 

» 

» 

» 

>o 

« 

to 

« 

to 

• 

* 

to 

« 

* 

to 

^ 

« 

to 

* 

to 

« 

H 

« 

to 

to 

« 

E^ 

« 

m 

ti 

« 

H 

« 

^ 

CO  a: 

to 

• 

^ 

* 

« 

* 
« 

to 
0 
a. 

a: 
to 
0 
Es 

« 
« 

« 
« 

« 
« 
« 

to  to 

to  Ci 

&i 

H  to 
to  H 
to 

*•? 

to 

to 

bs 

to 

•             • 

« 

a: 

« 

•  :k. 

to 

a:       Co 

« 

to 

« 

••I-H 

6^      o: 

« 

a: 

« 

olto 

E^ 

to       «a 

« 

Eh 

« 

•• 

to 

as      « 

« 

to 

« 

-     iC 

to 

CO        * 

'  « 

« 

Ei 

% 

•>]      :& 

« 

to 

« 

><  •^ 

« 

■k 

to 

« 

r-i 

to  to 

to 

c» 

« 

E^ 

« 

to 

to 

%      to 

« 

« 

•• 

to  to 

>-i 

^       > 

* 

a. 

« 

» 

CM 

to  to 

E^ 

* 

to 

« 

•« 

t— 1 

e-i  E^ 

to 

&• 

« 

* 

to 

to 

^ 

to 

a:      tj 

« 

to 

« 

Ei 

to 

to  to 

^ 

■<»:      as 

« 

a: 

« 

•  • 

to  to 

to 

t.        6, 

* 

to 

« 

to 

»     ^-H 

to  to 

El 

> 
(—1 

:5>  % 

« 
« 

* 

« 

&I 

to  - 
E^ 

to  »-i 
&i  ca 

&< 

l—i 

Q;  w  I4] 
S»  6h  EQ 

a. 

« 

^ 

a: 
to 

« 

^5 
to 

§a 

<3 

to 

to 

§ 

to 

to  *  > 

% 

« 

« 

a. 

to  at 

^ 

to  to 

0 

a: 

&■     t>4     El 

to 

•» 

to  to 

« 

to 

•0  -^ 

% 

to  Ei 

«j 

H 

b] 

'^ 

« 

a: 

a; 

« 

•• 

H 

to  '^ 

to 

a; 

Ci 

a:  -  <Q 

a 

I—I 

« 

H 

to 

« 

% 

1—1 

a. 

to 

to 

2s 

a; 

0  m 

y-v 

•• 

« 

to 

■• 

Co 

to 

a 

to  kj 

&H 

E^ 

O 

•« 

&j  >-4  ca 

(—1 

•1 

« 

a:  c^ 

* 

b] 

••               •• 

^^ 

^  ^ 

to 

e^ 

orl 

•to 

•• 

l—J 

a.  « 

■^  to 

« 

to 

to      ^ 

to 

to  Sk 

to 

«c 

>• 

«OE-«C 

•1 

H 

0  « 

:k 

&i 

« 

T  E^uj 

to 

to 

to 

E^ 

^1 

63  a:  a* 

, 

i-j 

to 

to  * 

to 

« 

to 

to  to 

•♦ 

X 

:k 

to 

a>  to  to 

•-* 

to 

•-J  « 

to 

« 

£k 

to  •>*:  to 

►~i  E^ 

to 

a 

C 

•0  P3 

to 

•• 

a  ■» 

a. 

« 

^ 

to  E^   •• 

*^ 

to 

to  to 

to 

^^ 

•* 

'S  ^  '^ 

CO 

«-l 

V, 

<^  « 

a. 

« 

to 

cc  to^ 

1 

to 

E^  to 

to 

r4 

•^ 

2k  :a 

m 

to  ■* 

k» 

• 

»H  « 

•»: 

« 

H 

to 

■«» 

*? 

to  - 

♦ 

:%  E^ 

hi 

to  '^ 

^•^ 

m 

♦  * 

« 

to  to 

1^ 

CM 

to 

:e  to 

to  H 

H 

i         5» 

to 

»^   VI 

N 

^ 

"^  « 

to 

« 

to  to 

to 

a:l* 

to 

to  to 

♦ 

•• 

ca  a;  a. 

a4 

^    ^-K 

to 

•• 

+   * 

^ 

« 

^  to 

Co        a 

^V 

VI 

to 

to  i-H 

Eh  to  H 

u 

a:  Ss 

0 

% 

0  H 

to 

•^ 

•^  « 

a: 

« 

^H 

CN 

+ 

^^ 

to 

to  > 

to 

/M 

0  0  -J  H 

H    Q 

>. 

1-^ 

A     * 

« 

0  Eh 

to    to    r^ 

i 

to 

♦• 

»-H 

to  Eh 

-^* 

a 

r-i 

a;  Es  as 

Q. 

m  (^ 

■¥ 

H 

1-1    « 

V, 

« 

H   H 

Co  to  w 

to 

to 

&■  E^ 

to 

Eh 

•* 

►-( 

1*3      "^i 

/<^ 

Es 

ak 

•••*. 

■* 

to 

CM    « 

a: 

« 

1— I  to 

to  to  .. 

AJ 

>» 

hH 

1— 1 

►-I  H 

»-H  to 

a 

El 

i_j 

E^  "i; 

□  to 

* 

•t  ■♦• 

tH 

to 

UJ    « 

E^ 

« 

••to 

«H 

to  5:  to 

5: 

■•■  1 

CM 

to 

i  to 

^-^ 

&. 

a;  to  &Q 

to 

(— 1 

i-j  •* 

1 

+ 

^  « 

to 

« 

^  a. 

■<»:  to  .. 

%^ 

(— 1 

to  to 

to 

^ 

tt 

i 

to  a.  a; 

♦* 

a: 

to   to    rH 

•^ 

r-i 

t^  * 

h: 

« 

I-J 

>i  to 

r^  to  ^ 

T 

* 

CN 

'5 

^^ 

to  to 

to  «< 

t 

a: 

a> 

-   E  to  ik  a;  s«: 

tol 

* 

•• 

to  * 

« 

to  to 

«j:  to 

a, 

•• 

a. 

^ 

to 

to 

to 

«• 

«o 

•• 

..    .CO 

ao  to 

u^ 

>^ 

•-I 

to  * 

a: 

« 

to  to 

0  H  -J  a:  a: 

* 

J 

"V 

>» 

to 

to  -"c 

>H  Eh  to 

05 

E« 

:«:  *< 

II 

to 

Co 

to 

+    ^ 

•  • 

u^ 

a  « 

to 

« 

w  ca 

to  a: 

•• 

to  :s  - 

to 

>>. 

* 

a. 

a 

to  to 

"^ 

•>j 

:a  <rt 

a: 

Cj  0  Co 

CM  a; 

a: 

03 

H   < 

rt  a.  1-^ 

— '  * 

to 

■* 

*    i-4 

to  "-1 

a, 

Ci  to   a 

>-» 

♦ 

t_ 

4' 

C5  to 

a4  to  "^ 

o  ♦ 

^ 

1*4  C«3   »-t  Qj 

<w 

H  to 

•  • 

to  w 

+  to 

to 

w  «  a. 

:h 

a.  * 

li,  ca      a,  H  a. 

^ 

>^  t,  m  a.  a: 

+ 

4 

■^ 

T- 

»-i  to  to  H  Eh  to 

6^  ►-,  E-.  '-J  a:  -   - 

♦ 

t 

0 

tC    t 

•^  to 

to 

t  -  'J 

» 

m 

•^  - 

>-j  to  •   >>} 

to  t 

to 

-    -    >^  U 

>~t 

<;»itoi 

•^ 

to  - 

-    -    to 

w  * 

H 

> 

to 

to 

■-3 

•J 

^) 

a> 

to 

r-i 

1— 1 

f— 1  (— 1  (— 1  r—i 

r— 1 

rt 

f—i 

(— 1 

0 

1— » i-n 

r-i  1—1 

1— 1  f—11— 1 
<a  p»  00 

(—1 

0 

m  r-i 

»1   CN 

r-i  f— 1  m  r—i 
c^  J'  in  to 

r-i  r- 1 

f~  00 

r- 1  r- 1  m  1— 1 
0   Tl  CM  r5 

r- 

r— 1 
If) 

U3 

00  fft 

1— 1  (— 1  i—i 

0    »-l    CM 

1— 1 1— 1 

1— 1 

I—I 

CM 
1— 1 

fo  *  m  »fi 

U-J  t-»l  U-l  U-f 

00 
1— 1 

1— 1 

•-I 

t— 1  u^ 

1— 1  k_> 

UJ 

w^  ^^  ^^ 

u^  1-^  i—i 

CN 

I—I 

CN   CN 

CN   (N    CN   CN 

L^  l_l  L.I  1— 1 

CM   CM 

CM 

C*>    CJ    P5    C*5 

1— 1  (— 1  l_i  i_j 

m 

U.I 

1— 1 

n  0 

•3-  a-  * 

t— 1  U_l  l_l 

t_i  i_i 

109 


to  to 

ft:  Q; 

. 

=3  5> 

o  <a 

&,  fri 

Ki  b< 

%  o 

Cti 

^ 

ite  a; 

ft:  b] 

5>  «3 

to  * 

=3 

o  :e 

* 

rk 

03 

Es  &0 

PS 

* 

^ 

V,  e^ 

o 

:% 

Sii 

■"5  to 

^ 

Sk 

% 

ki 

, 

i3   CO 

«    . 

C4  to 

>  5: 

o 

6^  •-< 

fri 

m 

b3  &i 

. 

to 

(C 

« 

% 

>< 

bg 

o 

-   ft:  % 

^ 

H 

to  =s  ■<»: 

Q 

» 

Eh 

ft:  p  a: 

^ 

to 

to 

a>  E-i 

ft; 

:d 

O         to 

«i 

5> 

ft: 

> 
n 

-  t^  ta  ^ 
to      % 

oa 

o 

Eh 

Eh 

to 

c 

„ 

ft:  :k  ca  c) 

:k 

:« 
H 

Q 

•• 

(Q  :%  *  ft; 

:fe 

to 

Q 

«0 

*       •s:  c« 

» 

% 

ca 

^ 

H 

a  >"i  ft:  E-. 

■• 

&i 

•>? 

ft: 

%«£-<% 

o 

ftj 

ft: 

CO 

Ss 

»< 

td 

ft; 

Eh 

K> 

C5 

05 

O 

►-I 

ft:  C> 

to 

o 

% 

ft. 

&i 

a: 

a  tc 

ft:  ft: 

ft: 

c% 

» 

* 

o  to 

C4  5j  - 

ft; 
ft: 

a 

^ 

•I 

3k 

5: 

o 

O.Eh 

ca 

Eh 

a. 

ft: 

%  Q 

ci  ^  ca 

to  t., 

1 

to 

to 

a. 

^H    ^ 

•^ 

% 

a 

E4  ft. 

-<»:      6a 

^ 

tl., 

m 

ft: 

kj 

•-H 

»»:  ^ 

H. 

o 

ft:            tc  6-1 

ft: 

* 

3: 

^1 

»«: 

'5:  »? 

to 

E^ 

ft:  6^  o  a:  Q;  O 

o 

t., 

o. 

^N 

to 

Q 

to 

a  '^ 

s: 

Eh 

a  %  E-i  &^  t«3 

ft: 

H 

CL 

^ 

Ck 

a; 

% 

^^ 

a 

-►   a 

^^ 

to 

E^ 

E^ 

tj  •<»:            to 

ft: 

f—l 

^* 

♦ 

a; 

o 

^ 

Ei 

^-^ 

rH    ■* 

Ei 

Eh 

ft} 

•• 

% 

i  E^  K.  3S 

to 

H 

r-t 

Eh 

^ 

H 

G.  1 

A    .H 

to 

a 

ft: 

's 

c« 

0:       s  -^  >-< 

a 

L-J 

+ 

u-l 

•^ 

Eh 

Eh 

^ 

'5 

-^   VI 

=i 

m 

t»; 

Q: 

Ctt   25    -^   EC 

^-* 

Eh  ►-, 

4-^ 

"Xl 

4 

»-* 

ft: 

+ 

aEn  ^ 

%. 

•♦• 

Ci 

^ 

Q; 

ri 

E^  Q  :i  a,  E-. 

f   '■ 

^» 

+ 

c 

♦ 

ca 

CO 

*H 

':: 

Eh 

-* 

clEh 

Eh 

to 

:a 

^  a-i       Cd  a: 

m 

< 

•-i 

^■^ 

1— 1 

OQ 

o 

Eh 

»H 

-  a 

to 

* 

Q 

Co 

*i 

Co       an;'?: 

+ 

«^ 

A) 

^ 

E^ 

a*? 

a. 

>H 

to 

ti 

II 

•t-    "• 

Eh 

6^ 

H 

ca 

^ 

-          C>         i 

Eh 

♦ 

«*-« 

a 

a 

♦ 

^5 

"s: 

*-^ 

Eh    + 

ft.  to 

ft: 

•    Eh 

'C 

tt: 

•^ 

»^  E, 

o. 

Eh 

♦ 

•« 

•H 

^ 

ft: 

■-J 

ft: 

G 

•^ 

w   Sh   C]   1^ 

to 

..  ft: 

a; 

5> 

O. 

Eh               to  a 

V 

ac: 

ti  to 

♦ 

1 

•^ 

=s 

Q- 

^ 

ft: 

C^^ 

•  • 

>-] 

•-) 

ft:  ^ 

a> 

O 

to 

ft:       ft.  =j  o 

to 

»-t 

to 

N^ 

>^t 

Eh 

4 

o 

CO 

C5 

=i 

s.^^ 

<    w 

a.  "^ 

•J 

C5  Eh 

O  (t.  a-.  Ce,  H  •*. 

•^      l-<  ^,  >, 

♦ 

to 

^^ 

+ 

I— 1 

i 

's:  fe< 

Eh  ft.  ►-.  ft.  Eh  ft< 

o 

w^ 

w  + 

H  ai  ft.  H  o  a:  to 

6^  i-J 

»    U 

Q 

>-J 

Eh  -    -    -    - 

T 

N  33 

t 

►a  "^  to 

^ 

••l 

-     "-J 

Ci 

"-J 

-     -O 

Eh 

t 

+  &,:< 

-     >-3 

o^ 

t  ft:  t 

to 

to 

to 

ftj 

» 

(—1 

m  r— 1 

rn 

f— 1 

m  r-i  1— 1  1—1  o 

r-> 

CM 

en 

^■ 

lO 

to 

P^ 

00 

CT 

O   «-• 

c^ 

on 

3-   tn 

<£> 

r* 

00  <s\ 

o 

»H    CM 

m 

-f  m  (O 

1—1 

CM  m 
1—1  i_i 

1—1 

(0  r>- 
1— 1  i_i 

oe  a>  v-) 

L_l  l_l  L_l 

«H 
1— 1 

I—I 

•H 
U-l 

1— 1 

•H 
L— 1 

CM    CM 
1— 1  l—J 

CM 

1— 1 

CM 

CM    CM 
t_l  l-i 

CM 
I— 1 

CM   CM 

CO 
1— 1 

k_i  i_i 

I— 1 

C5    O   CO 
L— >  1— 1  t>J 

110 


69 


% 

•« 

:« 

Es 

ea 

a: 

Q 

% 

0: 

Co 

e^ 

% 

m 

Ed 

§ 

5S 

&• 

o 

BQ 

>* 

bl 

„ 

Ik. 

Q 

to 

-    H 

% 

C) 

^ 

* 

o 

to  JO 

b: 

H 

t<  a; 

b: 

Si 

CC  b] 

« 

to 

uj  ai 

m 

:a 

• 

t 

b} 

to 

> 

□ 

• 

^  bj 

IS 

a: 

N 

••3 

•• 

:% 

Q 

« 

■^ 

fa] 

«*s 

=3  &i 

A. 

^^ 

bj 

Q 

H 

Q  b] 

:a 

e^ 

a: 

Q: 

9h  aj 

^ 

a 

H 

a; 

% 

s^ 

o 

H 

CO  ft) 

cs 

GQ 

• 

&• 

ft: 

a:  tj 

OS 

fia 

<-» 

» 

at 

to  •<« 

05 

b) 

a 

a< 

to 

a: 

a. 

a; 

%  •>«: 

to  «o 

'C 

=i 

% 

:a 

b] 

% 

O 

H 

<a 

OS  E-i  a: 

• 

a; 

6i 

El 

5.  :3  o 
o  a-  ft; 

o 

M 

to 

a 

to 

Q; 

El 
to 

&i  &^ 

h 

a: 

l—l 

^% 

Q 

o 

ta 

b] 

••a: 

Q 

EC 

H 

«-t 

ao 

•-< 

b. 

as 

^>  tc 

a:  a: 

a 

ImJ 

♦ 

•H 

^ 

&i 

a: 

..0: 

cc  ■^ 

^■^ 

6-1  »-. 

1 

^. 

H 

to 

o 

>-i  a; 

<H 

E^ 

□ 

•^ 

1 

l—l 

+ 

to 

«H 

6^ 

to 

••=s 

=:  fc 

< 

H 

E-  Q 

o 

bj 

% 

•J  Cj 

»-l 

c«  &: 

i 

^^ 

Ai 

l—l 

OQ 

•«? 

ti. 

>1 

•-J 

H 

ki 

•^ 

-    5>  6-1 

f 

^-^ 

^) 

a^ 

■^ 

O 

•    El 

cj  a: 

>-3 

..  Co 

o. 

•• 

E-1 

«H 

+ 

■«- 

"*» 

a: 

•>} 

H 

..  Q- 

ft:  => 

£l< 

E-. 

V 

iC 

a. 

a 

l—l 

^ 

"^ 

=s 

a. 

aa 

a:'«i: 

:s  Q 

«0 

a;  to 

CO 

«H 

to 

^^ 

to  S-,1 

+ 

o 

to 

* 

o  t. 

O  >^  tt,  H  1*1 

"5:  B5 

* 

b] 

^^ 

♦ 

i—j 

* 

'J:  b.  6-1  b. 

•-<  b. 

^  o 

a:  to 

t.  - 

•O  Ci  --J 

E-.  - 

T 

H 

* 

♦ 

>^  ^>  to  -s:  ^ 

-     ^  CJ 

•-3 

^  ♦ 

as  f 

to 

to 

bl 

> 

1  r^  ^n 

r-i  1 

r— 1  (— 1 1— 1 

1— i  (— 1 1 

m 

(— 1 

l—l 

o 

«-i 

CM 

m 

J-   lO 

lO  r» 

CO 

Ol 

O   rt 

CM  m 

c^  m  * 

L—l  1— 1  l_l 

^-1 

00 

en 

1— # 

U- 1 

^1 
l—l 

l—l 

l—l 

l—l  l—l 

»-l    tH 
1  1—*  I— i 

l—l 

l—l 

ex   CN 

1  u^  uu 

ex   CM 

1 1— II— 1 

111 


Q 

as 

CO 

N 

OS 

ca 

c^ 

bl 

tl 

«« 

b] 

a. 

b] 

a: 

Ct. 

H 

a: 

ca 

±h 

b] 

• 

to 

> 

a 

ca 

to 

» 

C 

% 

ft: 

^^ 

>-j 

i_i 

(J 

GO 

m 

i—i 

•-) 

^ 

>J 

« 

CO 

•« 

^ 

^ 

>>) 

% 

Kl 

El 

>— ' 

H 

&> 

tic 

^ 

1-^ 

a: 

Eh 

OQ 

% 

•J 

CO  "^ 

Cl 

» 

* 

» 

bo 

^ 

•^ 

b. 

S 

b. 

a. 

OQ 

El 

eC 

CO 

b] 

» 

>>« 

r— 1 

x 

S 

E<. 

>.3 

00 

&« 

•• 

Cfc.  ft. 

bl 

wj 

H 

* 

6n  t^ 

»J 

w 

1-1  ►-, 

O 

a.  o      &, 

1-'  a: 

» 

» 

>^ 

6i 

..  aj 

CM 

•-Ha      a> 

Qw  Ctf 

<s 

CO 

H 

:a 

E^ 

• 

a:  ^      a. 

*  q: 

>~l 

H 

05 

a< 

1— 1 

e 

«o  c      a: 

CO  a: 

o 

O 

CM 

% 

0-  i 

i-H 

•=s 

o< 

CM 

i 

kj    H 

*  b3 

CO 

s^  tt:  + 

•Co 

• 

• 

Cti 

a 

CO  % 

»? 

.«^:  t,       E-. 

e: 

E 

%. 

^-h 

El 

:^ 

*  m 

6^  E«.  — O  Co 

*       • 

o 

CO 

C  Co 

♦ 

•       • 

C) 

..  ;:£  4>  kj  h3 

^^ 

* 

E-i 

0: 

• 

EC 

1— 1 

^^  *«^ 

b3 

cci  :>}  ^  a.  ft: 

*    • 

ca 

C<l 

+ 

a; 

•* 

»      w 

cc 

a:  -    +  ^Qs  ti 

a 

tt: 

i-; 

Em  ^  0; 

Ei 

b] 

Em 

?o  ..  E-,  a:  C3  ce: 

lO  - 

a-j 

•5 

ao 

1— J 

w      * 

Eh 

a: 

•J  E-i  II   VI  tj  "i: 

oj   a 

CSH 

EC 

II 

Co 

«C 

a  a 

^ 

'c 

lO  a;  o  E-.  :a  ti 

w  o 

f-.  OQ 

* 

CO  ^  «^ 

"^ 

n  o 

b] 

Eh 

H  ^  WW  1-,  CO 

..    CM 

i«,eE;  c«- 

•• 

H  <! 

CJ  c«  » 

E  b.  CO 

*  t^  t    t  -    t 

O   w 

'-J  » 

•    o 

r^ 

T 

-     t 

CM 

>^  %^  » 

-    •-) 

•r 

to 

k} 

>«] 

•^ 

I— 11— ic— II— ii—ir— ir-ii— 11— lo    T-tCMrO^mu-tt^DOIOiHCM 
»HCM«a-miOr»0DCT>»H^»H»-trH»Ht-l»-l^«CM0MCM 


O 

as 

Ba 

•  n 

a.S 

a. 

a:  ^ 

tq  b] 

«:& 
c»a: 

^S 

bl 
Q  ^ 
b]  t« 

to  CO 
H  bl 
to  a. 

to  >-i 
'^  Eh 

to  a. 

Eh  N 
b3  a: 
va  to 
kj 

H  iJ 

QQ   kj 

b. 

C5  a; 

• 

1— 1 

D 
1—1 

com 
•St 

♦     - 
Co  1— 1 

O  b. 

a: 

•• 

Eh 

a,  hi: 

%  b] 

» 

uo 

* 
Co 

CO 

a:    • 

K,  aj 
5: 

^ 

CO  "*: 
a.  -q: 

•>] 

a. 

CO   N, 

b3  5 

^ 

•-H      • 

<-J 

H 

m 

•J  w 

Ci  :% 

a:  >H 

H 

* 

b3 

•  Eh 

% 

c:> 

Co  w 

Eh 

to 

CO 

a: 

-   5: 

hj:  i: 

b: 

kj  Em 

a: 

> 

•J 

•^ 

b. 

a: 

a: 

•  a: 

H? 

Co  bj 

• 

b: 

-  b. 

Eh 

::>. 

CO 

:^  - 

a. 

Eh 

El 

CO 

•« 

Eh 

C  C-. 

CO  »M 

:a 

:* 

w 

a. 

*H 

b! 

H  H 

*  Eh 

a. 

bj 

5:  c- 

^\ 

•• 

<J 

Eh  O 

Eh 

O 

as 

C  H 

f-t 

►-I 

1—1  kj 

»-H    .H 

C5  kj  H 

CO 

►n  o 

♦ 

•* 

H  "^i 

CO    • 

a:  :» 

a 

Eh 

Eh   rH 

H 

o 

i_i  la 

O   fn 

t^     H5    . 

^-^ 

Eh 

^ 

b; 

l-H      • 

4 

Eh 

o 

a^^M 

Eh         : 

' 

Co 

4' 

•>J 

CO  n 

H 

Eh  Eh 

* 

*  ba 

* 

bl 

1—1 

>-J 

ca  H 

Al 

Eh 

+■   S: 

a; 

Co  Q: 

* 

OS 

>H 

H 

a.    • 

^■^ 

^ 

:^  c^ 

=i  Jh: 

-   =3  5»  a:  ::«; 

•• 

IC 

^ 

C3 

Co 

..  Q; 

Q   CO 

..  CO 

aO  Co 

L-J 

Q.    00 

Eh 

1-1 

Eh  Q: 

Eh      • 

>c 

II 

to  b3 

•^ 

r^ 

a        • 

o. 

••3 

«-i 

a:  a 

•      CO 

Co  tc 

a;  :a  a: 

■^ 

b; 

Q   CO 

>^ 

•"H 

i 

Ha:  to  - 

i    »~,   fe,   C«   OQ  ■ 

^^ 

•-1  t> 

•  •    m 

^  - 

Eh  H  b. 

^^ 

b: 

i-H  Eh  -    - 

C-    i-J 

a:  » 

t 

-      t 

O  " 

•    •    i-J 

♦ 

CO 

Co 

>-J 

> 

^^ 

m 

r— « 1— 1  1— 1 

1 1—1  (— 1  f— 1 

1  r— 1  1—1 

o 

^    CM 

m  s- 

tn  ^o 

t*  ca  O) 

o 

L— 1 

CM  rt  a- 

UO  L-J  1-^ 

irt  lo  r» 

CO  a> 

1  U.J  UO  i 

tH 

rH    »-l 

rH    ^ 

1—1  l_l 

rH    rH 

t  UO  UJ 

rH    rH    rH 
UO  l_l  |_| 

CM 

112 


a: 
«o 


o 

a: 

EO 

N 

a: 

CJ 

Ck 

Co 

&I 

^ 

b] 

a< 

Co 

a: 

ou 

H 

% 

.*** 

C>} 

(-^ 

£k. 

•« 

CO 

6s 
1—1 

* 

N 

CO 

N 

a: 

%^ 

^c 

&4 

m 

Co 

a: 

a; 

>s 

t(. 

Co 

•    ^^ 

•-J 

» 

% 

'cssl 

l-J 

to 

§ 

a;                     6s  - 

^ 

H 

% 

t«]                     t  •♦• 

*-^ 

o 

OQ  o               Oft: 

r— 1 

a; 

rS 

bl 

so.                    "^ 

•• 

Ci 

• 

O. 

Ss^                  6-1  CO 

&• 

b. 

e 

>s 

%□                 a:  >s 

i— 1 

•• 

6s 

.        -          Co   ♦ 

N 

^ 

» 

«o 

Co  ♦       tt       a:  .H 

N 

6-1 

6s 

«c 

a. 

a-  e-i      5>      a:i 

^«^ 

^ 

as 

H 

»s—        (V.        Si  ^ 

El 

Ci 

a, 

Ck 

% 

e-i  «-      a:      tj  Ss 

»: 

CM 

% 

CO 

CO 

»^      H      «   »: 

c*. 

::*  ^  t-i 

a: 

ifc  a.  +                .ft. 

Co 

a 

to 

6s 

..  K,   &,           E-,          ^ 

* 

S5 

.-^ 

6-1 

:k 

Es 

>< 

E-ia;nOCo         --r—i 

00 

□  O 

♦ 

^ 

Co 

..  Co    O   i-J   Co                   09     — 

•~t 

a: 

• 

to 

i—i 

Co 

% 

^a      ._'  a  tt:       -   »~(  &, 

o 

CO 

* 

a: 

•• 

a:tt:t'-*a:E-iQ.OL_i 

rl 

Ss 

^ 

a; 

6s 

■«5 

a;  6s 

;jCo  ..  a:Qa;o^tv, 

• 

a, 

^5 

acs 

k— 1 

6s 

to  a; 

a<f-«6-ivicj'^cM    .a; 

* 

Co 

II 

Cj 

N 

'C 

6s  •^ 

•-i:aa:6-i5:E-iw><co 

r- 

Co 

m 

tj'* 

»-• 

NJ 

c:^ 

%  Es 

aico-^^Hco  "CD  1 

'C 

i 

c*. 

••  ' 

H 

•-) 

•  • 

1^ 

EjC<.  Co  Co 

co-frit-    to-"«5 

1- 

•^M 

«H 

T 

* 

f 

OJ 

<X 

-   kJ 

-     t 

CO                      fcj 

^ 

1^ 

» 

r-» 

o 

»-l 

CM 

<n 

» 

m 

U3 

r* 

CO   0> 

O   »t 

•-tCNoa'vovoP'Oo 

I—I 

1—1 

1— 1 

1— 1 

1.^ 

1-^ 

»s   »-1 
1— 1  i_i 

ex  <s 
l_l  l_J 

1— 1 

cs 

CO 

% 

% 

' 

■^c 

a; 

> 

a: 
b] 

CO 

to 

Cti 
>s 

CM   - 

;^ 

a:  u  a: 

a: 

'j: 

Co  o.  Co 

CO 

•• 

r»^  :* 

:k 

EQ 

CO  E  to 

CO 

•• 

%  ♦  % 

% 

Es 

T  a;  S5 

^5 

CO 

-     to 

II 

to 

•i  6s 

» 

S) 

^  to  CO 

>s 

Q»6s 

-    St  =s 

CO 

"^  4: 

■>» 

to  CO 

-    a. 

> 

^ 

a> 

a  H  :3 

* 

'j: 

O  O  o  o 

<H 

>1 

i 

•• 

<M  w  », 

•J 

-  Cfc. 

>s 

»s 

w  t  - 

t 

CM  1.3 

» 

1— 1 

*s 
1—1 

r-s  1— 1  (— » 

CM  <n  a- 

1-^  1— 1  l_l 

I—I 
in 

r^  i—i 
to  r« 

h-l  u^ 

113 


LIST  OF  REFERENCES 


1.  Congressional  Budget  Office;  The  U«S,  Sea-Based 

Strategic  Force;  Costs  of  the  Trident  Submarine 
and  Missile  Programs  and  Alternatives;  Washington, 
D.C.;  Author,  February  1980. 

2.  Cooper,  Richard  V.L.;  Military  Manpower  and  the  All- 

Volunteer  Force,  (R-1450-ARPA) ;  Rand  Corporation, 
September  19  77. 

3.  Oilman,  Leonard  and  Allen  J.  Rose;  APL  an  Interactive 

Approach;  John  Wiley  and  Sons,  1976. 

4.  Marshall,  K.T.  and  R.C.  Grinold;  A  Model  to  Relate 

Officer  Career  Planning  to  Weapons  Platform  Avail- 
ability; Unpublished  Working  Paper,  Naval  Postgrad- 
uate School,  1978. 

5.  Milch,  Paul  R. ;  An  Interactive  Computer  Model  to  Analyze 

the  Seatour  Opportunities  of  Surface  Warfare  Officers 
of  the  U.S.  Navy;  Naval  Postgraduate  School  Technical 
Report,  To  Be  Published  in  1980. 

6.  Moore,  John,  Capt,  R.N.  ed.;  Jane's  Fighting  Ships 

1979-80;  Franklin  Watts  Inc.,  1979. 

7.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSBN  598/608/616/627/640  (OPNAVINST  5320. 28A, 
. 29A,30A) ,  Washington,  D.C.:  Author,  September  8,  1978. 

8.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSN  585  (OPNAVINST  5320.167) ;  Washington, 
D.C.:  Author,  April  2,  1976. 

9.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSN  637  (OPNAVINST  5320.185);  Washington, 
D.C.:  Author,  July  30,  1976. 

10.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSN  594  (OPNAVINST  5320.212) ;  Washington, 
D.C.:  Author,  February  3,  1977. 

11.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSN  578  (OPNAVINST  5320.264) ;  Washington, 
D.C.:  Author,  October  27,  1977. 

12.  Office  of  the  Chief  of  Naval  Operations;  Ship  Manning 

Document  SSN  68  8  (OPNAVINST  5320.347) ;  Washington, 
D.C.:  Author,  January  4,  1979. 


114 


13.  Office  of  the  Chief  of  Naval  Operations;  Director, 

Military  Personnel  and  Training  Division;  Unrestricted 
Line  Officer  Career  Guidebook  (NAVPERS  15197A) ; 
Washington,  D.C. :  Author,  1979. 

14.  Office  of  the  Deputy  Chief  of  Naval  Operations  (MPT) , 

OP-130D2;  A  Model  of  Projected  Officer  Supply-POPI; 
Washington,  D.C:  Author,  1978. 

15.  Office  of  the  Deputy  Chief  of  Naval  Operations  (MPT) , 

OP-132D1A;  FY~79  Submarine  Warfare  Officer  Study; 
Washington,  D.C:  Author,  1979. 

16.  Surface  Warfare;  "SWO  Sitrep  Part  II";  Office  of  the 

Deputy  Chief  of  Naval  Operations  (Surface  Warfare) , 
October  1979. 


115 


INITIAL  DISTRIBUTION  LIST 

No.  Copies 

1.  Defense  Techncial  Information  Center  2 
Cameron  Station 

Alexandria,  VA  22314 

2.  Defense  Logistic  Studies  Information  Exchange        1 
U.S.  Army  Logistics  Management  Center 

Fort  Lee,  Virginia   23801 

3.  Library,  Code  0142  2 
Naval  Postgradaute  School 

Monterey,  California  93940 

4.  Library,  Code  55  1 
Naval  Postgraduate  School 

Monterey,  CA  93940 

5.  Dean  of  Research  1 
Code  012 

Naval  Postgraduate  School 
Monterey,  CA  93940 

6.  Director,  Total  Force  Management  Control/  1 

Analysis  Div.  (OP-10) 
Office  of  DCNO  (MPT) 
Department  of  the  Navy 
Washington,  D.C.  20370 

7.  Director,  Total  Force  Planning  Div.  (OP-11)  1 
Office  of  DCNO  (MPT) 

Department  of  the  Navy 
Washington,  D.C.  20370 

8.  Director,  Total  Force  Program  Div.  (OP-12)  1 
Office  of  DCNO  (MPT) 

Department  of  the  Navy 
Washington,  D.C.  20370 

9.  Director  1 
Military  Personnel/Training  Division  (OP-13) 

Office  of  DCNO  (MPT) 
Department  of  the  Navy 
Washington,  D.C.  20370 

10.   Dr.  A.  Charnes  1 

Dept.  of  Math. 
University  of  Texas 
Austin,  TX  78712 


116 


11.  Prof.  M.  Cooper 

Dept.  of  Ind.  Eng.  and  CR 
Institute  of  Technology 
Southern  Methodist  University 
Dallas,  Texas  75275 

12.  Mrs.  Mary  Snavely-Dixon 
Office  of  DASN  (Manpower) 
Department  of  the  Navy 
Washington,  D.C.  20  3  50 

13.  LCDR  Lee  Gunn  (OP-132C1) 
Surface  Officer  Program  Manager 
Office  of  DCNO  (MPT) 
Arlington  Annex 

Washington,  D.C.  20370 

14.  LCDR  Gary  Johnson  (OP-136C1) 
Office  of  DCNO  (MPT) 
Arlington  Annex 
Washington,  D.C.  20370 

15.  Dr.  Robert  F.  Lockman 
Center  for  Naval  Analyses 
1401  Wilson  Blvd. 
Arlington,  VA  22209 

16.  Mr.  M.  K.  Malehorn  (OP-102) 
Office  of  DCNO  (MPT) 
Arlington  Annex 
Washington,  D.C.  20370 

17.  Professor  James  G.  March 

School  of  Business  Administration 
Stanford  University 
Stanford,  CA  94305 

18.  Dr.  Kneale  T.  Marshall  (OP-OlT) 
Office  of  DCNO  (MPT) 
Arlington  Annex 
Washington,  D.C.  20370 

19.  Head  Long  Range  MPT/MOB  Planning  Branch 

(OP-110) 
Office  of  DCNO  (MPT) 
Arlington  Annex 
Washington,  D.C.  20370 

20.  R.  J.  Niehaus 

3300  N.  Agindon  St. 
Arlington,  VA  22207 


117 


21.  LCDR  Daniel  Curry  (OP-132  DIA)  1 
Wolfe  Bldg.  Rm.  154 

8621  Georgia  Avenue 
Silver  Springs,  MD   20901 

22.  LCDR  Daniel  Parker  (OP-130D2)  2 
Office  of  DCNO  (MPT) 

Arlington  Annex 
Washington,  D.C.  20370 

23.  Alfred  S.  Rhode,  Vice  President  1 
Information  Spectrum  Inc. 

1745  South  Jefferson  Davis  Highway 
Suite  401 
Arlington,  VA  22202 

24.  Primary  Deputy  Assistant  Secretary  of  the  Navy       1 
Manpower  and  Reserve  Affairs 

Department  of  the  Navy 
Washington,  D.C.  20350 

25.  Joe  Silverman  (Code  303)  1 
Navy  Personnel  R&D  Center 

San  Diego,  CA  92152 

26.  Prof.  Robert  E.  Stanford  1 
Dept.  of  Management 

Auburn  University 
Auburn,  AL  36830 

27.  Prof.  R.  Grinold  1 
Dept.  of  Business  Administration 

University  of  California 
Berkeley,  CA  94720 

28.  Dr.  T.C.  Varley  (Code  434)  1 
Office  of  Naval  Research 

800  N.  Quincy  St. 
Arlington,  VA  22217 

29.  Department  Chairman,  Code  36  1 
Department  of  Administrative  Sciences 

Naval  Postgraduate  School 
Monterey,  CA  93940 

30.  Dr.  Paul  R.  Milch,  Code  55  20 
Department  of  Operations  Research 

Naval  Postgraduate  School 
Monterey,  CA  93940 

31.  Dr.  James  R.  Arima,  Code  54  5 
Department  of  Administrative  Sciences 

Naval  Postgraduate  School 
Monterey,  CA  93940 


118 


32.  Dr.  Thomas  R.  Teply  1 
3324  Princeton  Way 

Anchorage,  Alaska   99  504 

33.  LT  John  F.  Teply,  USN  1 
USS  TAUTOG  (SSN  639) 

FPO  San  Francisco,  CA  96601 

34.  Naval  Postgraduate  School 
Monterey,  CA  93940 

ATTN:   R.  Elster,  Code  54  1 

P.  Carrick,  Code  54  1 

G.  Thomas,  Code  54  1 

D.  Gaver,  Code  55  1 

P.  Jacobs,  Code  55  1 

P.  Lewis,  Code  55  1 

M.  Sovereign,  Code  55  1 

D.  Schrady,  Code  013  1 


119 


/ 


Thesi 

T276 

c.l 


r^piy  186988 

X^r  ^,,^,    ^^'-^  CO.,, 
^'«s  Of  tH      °PPortun7 


186988 


Teply 

An  interactive  com- 
puter model  to  analyze 
the  seatour  opportuni- 
ties of  the  submarine 
officer  corps. 


thesT276 

An  interactive  computer  model  to  analyze 


3  2768  002  03442  3 

DUDLEY  KNOX  LIBRARY 


